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CONVERSION  FACTORS,  U.S.  TO  METRIC  (51) 
UNITS  OF  MEASUREMENT 


U.S.  customary  units  of  measurement  used  in  this  paper  can  be  converted 
to  metric  (SI)  units  as  follows: 


Multiply 

By 

To  Obtain 

inc hes 

25.4 

millimeters 

feet 

0.3048 

meters 

miles 

1.609344 

kilometers 

square  miles 

2.58999 

square  kilometers 

acres 

0.40468 

hectares 

acres 

0.0040468 

square  kilometers 

acre -feet 

1.234 

megalitres* 

pounds 

453-5923 

grams 

pounds  per  acre 

1.120851 

kilograms  per  hectare 

* 1 megalitre  = 10^  litres  = 

1000  cubic  meters. 

THE  DEVELOPMENT  OF  FISHERY  COMPARTMENTS  AND 


POPULATION  RATE  COEFFICIEMTS  FOR  USE 
IN  RESERVOIR  ECOSYSTEM  MODELING 

PART  I:  INTRODUCTION 

1.  In  1973,  personnel  at  the  Environmental  Effects  Laboratory 
(EEL),  of  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES), 
at  Vicksburg,  Mississippi,  began  to  assess  and  improve  a compr*  .tensive 
mathematical  river  basin  model.  One  component  of  the  river  ba  in  model 
is  the  reservoir  system  model.  This  model,  when  complete,  will  inte- 
grate information  on  the  physical,  chemical,  and  biological  relation- 
ships of  reservoirs.  The  model  will  allow  theoretical  aspects  of 
reservoir  dynamics  to  be  tested  and  evaluated,  as  well  as  the  impacts 
of  proposed  reservoir  management  plans. 

2.  Because  reservoirs  are  complex  systems  continually  in  a state 
of  flux,  they  are  difficult  to  model.  One  approach  toward  simplifying 
this  complexity,  and  the  approach  used  in  the  reservoir  model,  is  to 
divide  the  system  into  smaller,  more  manageable  subsystems.  Each 
subsystem  can  then  be  studied  and,  once  understood,  related  to  other 
subsystems.  In  this  manner,  the  entire  reservoir  system  can  be 
reconstructed  from  component  parts.  This  paper  presents  the  data  base 
for  one  of  the  reservoir  subsystems — fish. 

3.  The  purpose  of  this  report  is  to  provide  the  data  base 
necessary  for  the  development  of  a fishery  model  that  will  simulate 


fish  population  dynamics  in  various  types  of  Corps  of  Engineers  (CE) 
reservoirs  on  a regional  basis.  The  CE  reservoirs  have  been  classified 
as  either  hydropower  or  nonhydropower.  Nonhydropower  reservoirs  do  not 
have  hydroelectric  generation  and  are  used  for  flood  control,  irrigation, 
water  supply,  recreation,  and  other  purposes. 

U.  Major  II. S.  drainage  areas  (Figure  1)  for  which  regional  fishery 
data  were  developed  are: 

New  England  (including  Great  Lakes  and  St.  Lawrence) 

Middle  Atlantic 

Gulf  and  South  Atlantic 

Ohio  3asin  (including  the  Tennessee  Valley) 

Upper  Mississippi  Basin  (including  Souris  and  Red) 

Lower  Mississippi 

Rio  Grande  and  Gulf 

Arkansas-White-Red 

Missouri  Basin 

Columbia  Basin 

North  Pacific 

Central  Valley 

Central  and  South  Pacific 

No  information  was  available  to  develop  regional  fishery  data  for  the 
Colorado  Basin  or  the  Great  Basin. 

5.  The  remainder  of  the  report  consists  of  two  parts.  The  first 
part  describes  the  chemical  and  physical  characteristics  of  all  CE 
reservoirs  in  the  United  States  larger  than  500  acres*  in  area.  Where 
available,  information  on  fish  species  present  and  the  sport  and  commer- 
cial harvest  is  also  provided.  Mathematical  formulas  are  presented 
that  allow  the  prediction  of  fish  standing  crop  and  sport  fish  harvest 
in  CE  reservoirs.  The  second  part  describes  the  data  base  to  be  used 


•For  conversion  to  the  metric  system,  see  page  7. 


9 


Figure  1.  Major  drainage  areas  of  the  United  States 
(from  U.S.  Water  Resources  Development  Map,  U.S. 
Geological  Survey,  1963)- 


in  developing  the  reservoir  fishery  model  on  a regional  basis. 

Presented  are: 

1)  Fish  and  fish  food  compartment  descriptions 

2)  Fish  carrying  capacity  and  production 

3)  Fish  reproduction,  recruitment,  and  harvest 

U)  Fish  growth  and  mortality  rates 

5)  Fish  digestive  efficiencies  and  half-saturation  constants 

6)  Fish  respiration  rates 

7)  Fish  temperature  tolerances 

8)  Fish  chemical  composition 
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PART  II:  DESCRIPTIVE  DATA  FOR  CE  RESERVOIRS 


Physical  and  Chemical  Descriptions  of  Reservoirs 

6.  Physical  and  chemical  characteristics  of  187  CE  reservoirs  are 
presented  in  Appendix  A.  Only  reservoirs  larger  than  500  surface  acres 
at  normal  pool  were  included  (see  Appendix  A for  definitions  of  terms). 
Most  run-of-the-river  (storage  ratio  <0.01)  navigation  impoundments 
were  excluded.  All  reservoirs  were  grouped  by  major  drainage  areas. 
Table  1 summarizes  the  numerical  and  areal  distributions  of  CE  reser- 
voirs by  drainage  area.  Reservoirs  included  in  this  study  total 
3,510,000  acres,  or  36  percent  of  the  total  reservoir  area  (reservoirs 
larger  than  500  acres)  in  the  U.S.  (National  Reservoir  Research  Program 
1976*). 

Fishery  Description  of  CE  Reservoirs 

7.  One  purpose  of  this  study  was  to  develop  fishery  statistics 
on  a regional  basis.  However,  it  was  first  necessary  to  test  the 
assumption  that  regionalization  by  major  drainage  areas  would  show 
sufficient  differences  in  fish  species  composition  and  standing  crop  to 
warrant  regional  treatment.  It  was  assumed  that  all  reservoirs  within 
a drainage  area  would  have  similar  fish  species  present  and  that  the 
species  composition  of  reservoirs  in  one  drainage  area  would  vary  to 
some  extent  from  those  in  other  drainage  areas. 

8.  A list  of  fish  species  present  was  compiled  for  6l  CE 

* All  references  cited  in  the  text  and  appendices  are  listed  alpha- 
betically by  author  in  Appendix  N. 
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Table  1 


Numerical  and  Areal  Distributions  of 
CE  Impoundments  by  Drainage  Area 


Number  of  Total  Surface 


Drainage  Area 

Reservoirs 

Area,  acres 

New  England 

2 

1,610 

Middle  Atlantic 

7 

68,947 

Gulf  and  South  Atlantic 

12 

308,050 

Ohio  Basin 

49 

328,484 

Upper  Mississippi 

14 

356,247 

Lower  Mississippi 

5 

78,510 

Arkansas-Red-White 

40 

782,118 

Rio  Grande  and  Gulf 

16 

241,609 

Missouri  Basin 

18 

1,164,201 

North  Pacific 

1 

1,135 

Columbia  Basin 

16 

162,105 

Central  and  South  Pacific 

2 

2,380 

Central  Valley 

5 

14,550 

I 


reservoirs  where  data  were  available.  Species  composition  data  were 
not  available  for  reservoirs  in  the  following  drainage  areas: 

New  England 

Upper  Mississippi  Basin 

Columbia  Basin 

North  Pacific 

Central  Valley 

Central  and  South  Pacific 

Data  were  available  on  only  one  reservoir  each  in  the  Middle  Atlantic, 
Rio  Grande  and  Gulf,  and  Missouri  Basin  drainage  areas.  The  reservoir 
sample  thus  includes  primarily  eastern  and  southern  impoundments. 

9.  A cluster  analysis  computer  program  (University  of  Arkansas 
Computing  Center)  was  used  to  compare  the  species  composition  of  each 
\ reservoir  with  all  other  reservoirs  and  to  group  reservoirs  with 

similar  species  together.  The  comparison  was  based  on  the  presence 
or  absence  of  125  fish  species.  The  results  showed,  with  exceptions, 
that  the  species  composition  of  the  fish  in  reservoirs  within  drainage 
areas  were  similar.  Furthermore,  they  showed  that  some  drainage  areas 
contained  fish  species  not  found  in  other  areas.  For  example,  yellow 
perch  were  found  only  in  reservoirs  of  the  Middle  Atlantic  and  the 
Gulf  and  South  Atlantic  drainages.  Freshwater  drum  were  not  found  in 
reservoirs  of  these  drainages,  but  occurred  in  all  others.  Lack  of 
fish  species  information  for  all  of  the  western  drainage  areas  prevented 
testing  the  regional  approach  to  modeling  for  those  areas.  Many 
western  reservoirs  with  salmonids,  especially  cold-water  reservoirs, 
would  be  expected  to  be  markedly  dissimilar  to  eastern  and  southern 
reservoirs. 
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10.  Differences  among  drainage  areas  in  species  composition  are 
most  pronounced  when  examined  on  a species  presence  or  absence  basis. 
However,  for  modeling  purposes,  various  fish  species  were  grouped 
together  on  the  basis  of  feeding  similarities.  At  this  level,  regional 
differences  in  species  composition  were  less  obvious.  Appendix  B 
summarizes,  by  drainage  area,  fish  species  composition  and  standing 
crop  data  for  6l  CE  reservoirs.  Only  predominant  fish  species  or  groups 
of  closely  related  species  were  tabulated.  As  expected,  considerable 
variation  exists  among  reservoirs  in  standing  crop  of  fish.  Standing 
crop  is  defined  as  the  amount,  in  pounds  per  acre,  of  fish  biomass 
present  at  the  time  measurements  were  made.  If  all  of  the  reservoirs 
were  compared  solely  on  the  basis  of  presence  or  absence  of  the  major 
fish  groups,  such  as  suckers,  black  basses,  or  sunfishes,  little  varia- 
tion would  be  apparent.  On  this  basis,  only  the  Middle  Atlantic  and 
the  Gulf  and  South  Atlantic  drainages  differed  from  other  drainages  in 
the  absence  of  freshwater  drum.  At  this  level  of  examination,  there 
was  not  much  support  for  regionalizing  reservoirs  by  drainage  areas 
because  the  fine  distinctions  in  fish  species  composition  among  different 
areas  had  been  masked. 

11.  Within  drainage  areas  most  reservoirs  had  similar  fish  species 
and  total  standing  crops,  although  the  standing  crops  of  individual 
species  or  species  groups  varied  widely.  There  were  notable  exceptions 
to  this  generalization.  Within  the  Ohio  Basin,  two  reservoirs,  John  W. 
Flannagan  and  Summersville , had  total  standing  crops  well  below  those 
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of  other  reservoirs  in  the  basin.  These  two  reservoirs  3lso  had  fewer 


fish  species  than  most  other  impoundments.  Likewise,  in  the  Jjower 
Mississippi  drainage  area,  V.'appapello  had  a much  greater  standing  crop 
than  other  reservoirs.  Species  composition  was  also  different.  In 
the  Arkansas  River  Basin,  standing  crop  was  extremely  variable  among 
reservoirs,  and  several  reservoirs  were  appreciably  different  from 
the  norm. 

12.  Variation  was  to  be  expected  in  the  biological  characteristics 
of  reservoirs  within  a drainage  area.  Changes  in  environmental  variables 
over  the  large  geographical  area  encompassed  by  each  drainage  area 
influence  reservoir  fish  populations.  Furthermore,  year-to-year 
changes  occur  in  the  fish  populations  of  each  reservoir  in  response  to 
changing  environmental  conditions.  The  difficulty  in  accurately 
describing  reservoir  fisheries  results  from  the  use  of  static  descriptors 
in  analyzing  a dynamic  system.  Finally,  the  data  base  upon  which 
conclusions  were  drawn  may  be  inadequate,  as  demonstrated  for  many 
drainage  areas  where  little  or  no  data  are  available.  Single  point 
measurements  of  a biological  system  like  many  of  the  fish  population 
measurements  used  in  this  study  should  be  viewed  with  caution. 

13.  Most  of  the  drainage  areas  examined  had  one  or  more  reservoirs 
with  characteristics  significantly  different  from  those  of  most  of  the 
impoundments.  It  was  difficult , therefore,  to  make  firm  statements  on 
the  fishery  of  reservoirs  within  a given  drainage.  In  this  study, 
reservoirs  showing  major  differences  from  the  norm  were  treated 
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separately  when  it  was  felt  that  the  effect  of  their  influence  on  an 
analysis  would  bias  the  results  and  conclusions. 

Field  Estimates  of  Fish  Standing  Crop 

14 . Estimates  of  fish  standing  crop  used  in  this  study  were 
derived  by  sampling  reservoir  coves  with  rotenone,  a fish  toxicant  that 
has  been  used  in  the  United  States  for  fishery  management  purposes 
since  1934.  Cove  sampling  involves  selecting  coves  that  usually 
represent  a variety  of  fish  habitats  and  range  from  1 to  5 acres 
in  size.  Escape  of  fish  from  the  cove  is  prevented  by  using  block  nets 
at  the  end  opening  to  the  reservoir  proper.  Cove  area  and  depth  are 
accurately  measured  and  a rotenone  dosage  is  calculated  on  the  basis  of 
water  volume  and  water  temperature.  Finally,  rotenone  is  applied  through- 
out the  cove  and  all  fish  appearing  at  the  surface  are  collected.  Fish 
are  normally  collected  for  two  days  after  treatment.  To  estimate  the 
percentage  of  fish  actually  present  that  are  recovered,  workers  place 
marked  fish  in  the  cove  before  it  is  treated.  In  some  studies,  scuba 
divers  collect  fish  that  do  not  float  to  the  surface.  All  fish 
collected  are  sorted  by  species  and  length  classes  and  weighed. 

Standing  crop,  usually  expressed  as  pounds  of  fish  per  acre,  is  calcu- 
lated from  the  collected  data.  Most  cove  sampling  schemes  involve 
sampling  three  coves  of  nearly  similar  area  so  that  variability  in 
samples  can  be  estimated  and  a mean  standing  crop  value  determined. 

Cove  rotenone  sampling  is  normally  performed  in  the  summer,  usually  in 
August . 
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15-  Even  carefully  planned  and  executed  cove  rotenone  samples 
usually  underestimate  or  overestimate  the  standing  crop  of  some  species 
for  two  primary  reasons.  First,  some  species  of  fish  are  not  recovered 
adequately  because  they  do  not  float  to  the  surface  where  they  can  be 
collected.  Fish  underestimated  in  this  manner  are  primarily  benthic 
species  such  as  catfishes,  carp,  suckers,  and  freshwater  drum. 

Small  fish  of  various  species  are  also  underestimated  usually  because 
they  are  overlooked  in  pickup  operations.  This  is  especially  true  for 
small  shad,  sunfishes,  and  minnows.  Second,  some  species  of  fish  are 
more  abundant  in  the  coves  than  in  the  open  water  of  the  reservoir. 

Cove  samples  overestimate  the  abundance  of  these  species  in  the 
reservoir.  Gars,  bowfin,  various  sunfishes,  perches,  and  pickerels  are 
normally  more  abundant  in  coves  than  in  open  water.  Likewise,  other 
species  which  are  more  abundant  in  open  water  than  in  coves,  are  under- 
estimated; such  species  are  various  suckers,  temperate  basses,  and 
freshwater  drum. 

16.  Adjustments  must  then  be  made  for  nonrecovery  of  species 
and  for  cove  to  open-water  habitat.  Adjustment  factors  for  the  previous 
sources  of  error  have  been  estimated  for  a number  of  southern  reservoirs 
(Hayne  et  al.  1967;  Jenkins  and  Morais  1977)  and  are  presented  in 
Table  2.  By  applying  the  adjustment  factors  to  the  initial  standing 
crop  estimates,  an  adjusted  standing  crop  value  can  be  obtained.  All 
standing  crop  estimates  used  in  this  report  have  been  adjusted,  with 
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All  other 


the  exception  of  estimates  derived  by  multiple  regression  analysis. 

Field  Estimates  of  Fish  Harvest 

17.  Jenkins  and  Morais  (1971)  examined  in  detail  the  relation 
of  sport  fishing  effort  and  fish  harvest  to  environmental  variables. 
Their  results,  based  on  the  analysis  of  103  reservoirs  throughout  the 
U.S. , showed  that  the  average  annual  harvest  of  all  reservoirs  combined 
on  an  area-weighted  basis  was  14.6  pounds  per  acre.  Area-weighted 
harvest  values  were  used  because  Jenkins  (1967)  found  that  sport  fish 
harvest  was  negatively  related  to  reservoir  area.  A previous  study  by 
Jenkins  (1967)  showed  the  average  annual  area-weighted  sport  fish 
harvest  for  127  U.S.  reservoirs  to  be  13.9  pounds  per  acre.  An  average 
of  7.0  pounds  per  acre  of  commercial  fish  was  harvested  from  45  reser- 
voirs. Sport  fish  harvest  for  individual  reservoirs  ranged  from  less 
than  1 to  as  many  as  169  pounds  per  acre.  Commercial  fish  harvest 
ranged  from  less  than  1 to  as  many  as  55  pounds  per  acre. 

18.  Current  sport  fish  harvest  estimates  are  based  on  a resurvey 
of  ail  harvest  data  available  in  the  files  of  the  National  Reservoir 
Research  Program  (NRRP).  Data  as  recent  as  1975  and  representing  l6t 
reservoirs  throughout  the  country  are  summarized  in  Appendix  C.  Com- 
mercial fish  harvest  was  not  reanalyzed,  but  only  rearranged  to  a form 
more  useful  for  modeling.  Appendix  C,  Part  II,  lists  sport  fish  har- 
vest by  major  drainage  areas  of  the  U.  S.  Within  each  drainage  area, 
data  are  given  on  the  number  of  reservoirs  in  the  sample,  total 
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reservoir  area,  simple  and  area-weighted  sport  fish  harvest,  and  area- 
weighted  harvest  by  species  groups.  Under  each  species  group,  the 
annual  harvest  is  shown  in  pounds  per  acre  and  as  a percentage  of  the 
total  harvest.  Only  reservoirs  with  data  on  the  harvest  of  individual 
fish  species  were  included  in  the  analysis.  Harvests  of  less  than 
0.05  pound  per  acre  were  excluded.  About  23  percent  of  the  total 
reservoir  area  in  the  U.  S.  is  represented  in  the  analysis. 

19.  Sport  fish  harvest  varied  considerably  among  drainage  areas, 
both  in  total  harvest  and  in  species  composition.  Some  of  this  varia- 
bility can  be  attributed  to  an  inadequate  number  of  reservoirs  sampled 
within  each  drainage  area  and  to  a limited  number  of  harvest  estimates 
per  reservoir.  The  area-weighted  sport  fish  harvest  for  all  reservoirs 
combined  was  12.1  pounds  per  acre,  as  compared  with  a previous  estimate 
by  Jenkins  and  Morais  (1971)  of  14.6  pounds  per  acre.  Harvest  data  on 
48  CE  reservoirs  subsampled  from  the  data  set  showed  an  unweighted 
average  harvest  of  22.6  pounds  per  acre  and  an  area-weighted  harvest 

of  13.6  pouncs  per  acre. 

20.  Data  on  the  harvest  of  commercial  fish  species  were  not  as 
readily  available  as  those  for  sport  fish.  The  information  compiled 

by  Jenkins  (1967)  has  been  used  in  this  analysis  (Appendix  C,  Part  III). 
Many  drainage  areas  lacked  reservoirs  supporting  commercial  fisheries. 

For  drainage  areas  with  four  or  more  reservoirs  with  commercial  fisheries, 
excluding  the  Tennessee  Valley,  commercial  fish  harvest  was  low,  ranging 
from  1.0  to  4.2  pounds  per  acre  (area-weighted  mean).  The  Tennessee 
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Valley  reservoirs  supported  a high  commercial  harvest  of  14*6  pounds 
per  acre.  Buffalofishes  made  up  65  percent  of  the  commercially  harvested 
species,  catfish  25  percent,  and  carp  10  percent.  The  commercial 
fishing  statistics  were  from  reservoirs  representing  about  16  percent 

of  the  total  reservoir  area  of  the  U.  S.  (three  percent  of  the  total 
number  of  reservoirs). 

21.  Reservoir  age  has  a significant  effect  on  harvest  estimates. 
Many  reservoirs  become  less  productive  of  sport  fish  with  age  (Ellis 
1937).  Because  most  of  the  harvest  estimates  used  in  this  analysis 
were  collected  when  the  reservoirs  were  relatively  new,  the  average 
harvest  values  given  may  overestimate  current  conditions  for  some 
drainage  areas,  such  as  the  White  River  Basin  and  the  Rio  Grande  and 
Gulf  drainage  reservoirs. 

Predicted  Standing  Crop  and  Sport  Fish 
Harvest  for  CE  Reservoirs 

22.  Since  1963,  biologists  of  the  NRRP  have  compiled  and  analyzed 
available  pertinent  information  on  the  biological,  physical,  and 
chemical  characteristics  of  U.S.  reservoirs.  A primary  purpose  of 

NRRP  is  to  describe  and  correlate  differences  in  fish  production  in 
terms  of  standing  crop  as  estimated  by  cove  rotenone  samples  and  by 
sport  and  commercial  fish  yields  with  such  variables  as  climate,  reser- 
voir size,  age,  uses,  shore  development,  water  depth,  water  level 
fluctuation,  water  chemistry,  storage  ratio,  outlet  depth,  thermocline 
depth,  dissolved  organic  matter,  plankton  and  benthic  fauna  crops,  and 


22 


other  biological  characteristics. 

23.  This  research  program  has  resulted  in  the  development  of  a 
series  of  multiple  regression  formulas  for  use  in  predicting  fish  stand- 
ing crop  and  angler  harvest  and  effort  in  U.S.  reservoirs  (NRRP  1974). 
Selected  multiple  regression  formulas  from  this  series  were  used  in  the 
present  study  to  estimate  standing  crop  and  sport  fish  harvest  for  CE 
reservoirs  for  which  a fishery  data  base  was  available.  The  results, 
as  well  as  explanatory  material,  are  presented  in  Appendix  D,  Parts  I 
and  II.  For  a review  of  the  relationships  between  environmental  variables 
and  fish  standing  crop  and  harvest,  as  well  as  a history  of  the  develop- 
ment of  multivariate  analysis  as  a method  for  estimating  crop  and 
harvest,  see  Jenkins  (1967;  1974;  1976)  and  Jenkins  and  i'orais  (1971). 


PART  III:  THE  FISHERY  MODEL  DATA  BASE 


Fish  and  Fish  Food  Compartments 

2k.  Reservoirs  contain  many  fish  species  which  differ  in  some 
degree  from  others  in  environmental  requirements.  Foremost  among  the 
many  requirements  for  survival  of  each  species  is  food.  Sometimes  the 
differences  in  types  of  food  eaten  among  species  are  striking.  For 
instance,  adult  striped  bass  normally  feed  on  other  fish,  whereas  adult 
bigmouth  buffalo  primarily  feed  on  zooplankton.  Among  similar  fishes, 
sunfish  for  example,  the  different  species  often  overlap  in  their  food 
habits.  Food  preferences  also  change  as  fish  grow;  for  example,  large- 
mouth  bass  feed  on  zooplankton  when  n-  wly  hatched  but  on  other  fish  and 
benthic  organisms  when  they  become  adults.  Food  preferences  often 
change  daily  and  seasonally,  as  any  frustrated  fisherman  can  testify. 

To  complicate  this  picture  still  further,  the  same  species  of  fish  may 
eat  different  foods  in  different  reservoirs.  In  attempting  to  describe 
r rvoir  fish  populations  and  their  food  for  modeling,  it  is  necessary 
to  simplify  the  above  relationships  by  generalization. 

25.  Before  any  simplifications  can  be  attempted,  the  food  of  the 
different  fish  species  must  be  known.  Appendix  E details  the  food  of 
78  reservoir  fish  species.  Generalized  food  categories  were  used  to 
simplify  the  classification  of  hundreds  of  diffeient  food  items  eaten 
by  fish.  Results  are  expressed  as  a percentage  of  the  total  volume  of 
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food  in  the  stomach  of  each  fish. 


26.  Food  information  was  abundant  for  some  well-studied  species 
but  scarce  for  many  more.  The  variability  in  foods  eaten  with  age  of 
fish,  season,  and  location  of  reservoir  was  high.  To  develop  a reasonably 
manageable  model  of  fish  species  and  their  foods,  this  variability 

was  reduced  to  general  statements  on  the  food  of  fish.  Table  3 details 

the  food  for  26  major  groups  of  reservoir  fish.  The  estimates  presented 

in  this  table  represent  an  attempt  to  average  the  food  of  each  fish 

group  by  species,  season,  age,  and  geographical  location.  These  results 

should  be  interpreted  to  represent  the  diet  of  the  average  adult  fish 

in  each  group  over  an  annual  cycle.  It  is  reemphasized  that  the  tabulated 

data  do  not  represent  absolute  values.  Many  of  the  data  developed  in 

the  remainder  of  this  study  rest  on  these  general  assumptions  of  what 

fish  eat.  Because  of  the  high  variability  in  the  foods  eaten,  no 

regional  trends  could  be  determined. 

Description  of  fish  food  compartments 

27.  On  the  basis  of  information  collected  from  food  studies,  the 

food  resources  of  reservoirs  were  generalized  to  form  five  food  compart- 
ments (Figure  2).  In  the  fishery  model,  all  reservoir  fish  feed  from 
one  or  more  of  these  compartments.  A description  of  each  food  compart- 
ment follows. 

28.  Prey  fishes.  All  prey  species  eaten  by  a predatory  fish 
(piscivore)  are  included  in  this  category.  Young-of-the-year  fish, 
minnows,  and  clupeids  are  the  major  prey  resources. 


25 


Food  categories  are  described  in  the  text. 


Figure  2.  Schematic  diagram  of  the  relationship 
between  fish  and  fish  food  compartments. 

(Circles  represent  fish  compartments  and  ellipses 
represent  fish  food  compartments) 


29.  Zooplankton.  Zooplankters  are  small  microscopic  or  nearly 
microscopic  animals  that  drift  passively  or  have  weak  mobility  in  the 
water  column.  limnetic  and  planktobenthic  species  of  copepods  and 
cladocerans  make  up  most  of  this  compartment. 

30.  Benthos.  Invertebrate  animals  living  in,  on,  or  near  the 
bottom  are  included  in  this  compartment.  Typical  benthic  organisms 
are  immature  aquatic  insects,  crustaceans,  molluscs,  oligochaetes 
(aquatic  worms),  and  water  mites. 

31.  Terrestrial  organisms.  Organisms  that  normally  inhabit  the 
terrestrial  environment  are  included  in  this  compartment.  Terrestrial 
and  adult  a puatic  insects  are  the  primary  food  items. 

32.  Organic  detritus.  Detritus  is  defined  as  'unidentifiable 
organic  material.  Most  organic  detritus  consists  of  decayed  plant 
material.  Macrophytes  and  phytoplankton  are  included  in  the  detritus 
compartment  because  these  components  are  not  separated  in  most  food 
studies. 

Description  of  fish  compartments 

33.  As  previously  stated,  reservoirs  contain  many  fish  species. 
Attempting  to  model  each  species  individually  is  impractical  for  obvious 
reasons.  It  is  therefore  necessary  to  simplify  by  generalization  the 
types  of  fish  present  in  a reservoir.  Five  fish  compartments  developed 
to  correspond  to  the  five  fish  food  compartments  outlined  above  are 
described  here. 

34.  Piscivores.  This  group  contains  fish  species  that  are  all  or 
in  part  piscivorous.  Included  are  black  basses,  temperate  basses, 


crappies  longer  than  10  inches,  cat  fishes  longer  than  IB  inches,  fresh- 
water drur.  longer  than  16  inches,  and  gars,  bowfin,  pickerels,  pikes, 
and  walleye.  This  group  feeds  or.  the  prey  fishes  food  compartment. 

35-  ’’I  ankt  ivorc:, . Fish  included  in  this  group  are  zooplankton 

feeders  and  include  young-of-the-year  fish  of  most  species.  Clupeids 
are  the  predominate  fish  group. 

36.  Benthos  feeders  and  detritivores.  Fish  in  these  two  groups 
are  primarily  bottom  feeders.  Host  species  included  here  are  both 
detritivores  and  benthos  feeders.  The  predominate  species  are  adult 
shad,  carp,  freshwater  drum  less  than  16  inches  long,  buf falofishes , 
carpsuckers,  catfishes  shorter  than  16  inches,  redhorses,  crappies 
shorter  than  10  inches,  and  various  species  of  sunfish. 

37.  Terrestrial  feeders.  Fish  that  feed  on  terrestrial  organisms 
primarily  at  the  water  surface  are  included  in  this  compartment.  Sun- 
fishes  and  young  black  basses  are  the  predominant  terrestrial  feeders. 

Distribution  of  Fish  Biomass 
Among  Model  Compartments 

38.  The  fishery  model  is  a mass  balance  model.  For  component 
parts  of  the  model  to  be  compatible,  the  units  of  measurement  must  be 
the  same.  The  units  used  are  biomass  -units  expressed  as  pounds  per  acre. 
After  fish  and  fish  food  compartments  are  established  for  modeling,  a 
procedure  was  developed  to  distribute  fish  biomass  to  the  appropriate 
compartment . 

37.  It  was  evident  from  Table  3 that,  based  on  food  habits,  most 


fish  could  be  placed  in  several  of  the  fish  compartments.  The  biomass 
of  each  species  or  species  ^roup  was  proportioned  among  all  of  the 
compartments  that  characterize  the  foods  eaten  based  on  the  percentage 
of  food  taken  from  each  compartment.  For  example,  temperate  basses  are 
benthos  feeders,  planktivores , and  piscivores  (Table  3).  Twenty  percent 
of  the  total  biomass  of  temperate  basses  was  assigned  to  the  benthos 
feeder  fish  compartment,  because  20  percent  of  the  total  diet  of 
temperate  basses  was  benthos.  Likewise,  10  percent  was  distributed  to 
the  planktivore  compartment  and  70  percent  to  the  piscivore  compartment. 
Another  way  of  stating  the  same  information  is  that  20  percent  of  the 
temperate  bass  biomass  is  supported  by  the  benthos  food  compartment, 

10  percent  by  the  planktivore  food  compartment,  and  70  percent  by  the 
prey  fishes  food  compartment.  It  was  assumed  that  all  foods  are  of 
equal  nutritional  value  by  volume. 

40.  Similar  manipulations  of  fish  biomass  were  performed  for  all 
fish  species  or  species  groups  on  a regional  level.  In  this  manner, 
fish  biomass  was  distributed  among  the  fishery  model  compartments. 

This  distribution  technique  allowed  a greater  degree  of  realism  in 
accounting  for  the  tremendous  variety  in  fish  food  habits  than  would  a 
method  that  simply  assigned  the  total  biomass- of  each  fish  species  to 
a fish  compartment  based  only  on  the  predominant  food  item  eaten. 
Appendix  F details  the  distribution  of  fish  biomass,  including  annual 
production  (see  paragraphs  42  through  48,  below),  supported  by  each  food 
compartment  on  a regional  basis.  The  lack  of  sufficient  information 
prevented  completion  of  the  analysis  for  all  regions. 
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Concepts  of  -ish  Carrying 
Capacity  and  Fish  Production 

Carryin.it  capacity 

4.1.  Fish  carrying  capacity  is  a useful  concept  in  reservoir 
mana percent . It  is  defined  as  the  standing  crop  of  fish  at  the  most 
critical  period  of  the  year  for  fish  survival.  This  period  is  normally 
late  winter  or  early  spring.  The  concept  of  fish  production  is 
complementary  to  that  of  carrying  capacity.  Production  is  defined  as 
the  total  living  fish  biomass  produced  in  a given  time  interval.  The 
elaboration  of  sex  products  has  been  excluded,  from  the  production  lefi- 
nition.  In  practical  terms,  the  time  interval  corresponds  to  seasonal 
growth  from  late  spring  to  late  fall  of  each  year.  Surplus  production 
constitutes  fish  biomass  added  during  the  growing  season  minus  natural 
mortality.  Under  stable  conditions,  surplus  production  does  not  survive 
the  critical  period  of  the  year  but  is  lost  through  natural  and  angling 
mortality  and  body  weight  loss. 

Production  and  the  relationship  to  growing  season 

42.  Thompson  (1941)  hypothesized  that  because  fish  production 

may  be  expected  to  be  proportional  to  total  digestion,  digestion  being 
a function  of  temperature-influenced  metabolic  rates,  it  should  be 
possible  to  express  the  relationship  of  production  to  carrying  capacity 
at  different  latitudes.  Thompson  used  digestive  rates  determined  by 
Markus  (1932)  to  derive  values  of  maximum  annual  production  as  a percent- 
age of  carrying  capacity,  based  on  mean  monthly  air  temperatures. 
Production  varied  from  21  percent  of  carrying  capacity  in  Vilas  County, 
Wisconsin,  to  118  percent  at  New  Orleans,  Louisiana. 
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43.  Jenkins  and  Korais  (1971)  found  highly  positive  correlations 
between  length  of  growing  season  and  sport  fish  harvest,  which  prompted 
then,  to  explore  Thompson's  hypothesis  in  relation  to  reservoir  fish 
standing  crop  and  harvest.  They  derived  a curvilinear  relation  for 
growing  season  (frost-free  period  in  days)  versus  the  latitudinal 
production  estimates  of  Thompson  (Figure  3)-  This  relation  approxi- 
mated the  relationship  found  between  standing  crop  of  sport  fishes  and 
harvest  in  15  predominantly  southern  reservoirs.  The  above  relation 

us  useful  in  estimating  carrying  capacity  and  annual  fish  production 
for  reservoirs  and  has  been  used  extensively  in  this  study. 

44.  The  growing  season-production  relation  can  be  used  to  esti- 
mate carrying  capacity  and  annual  production  not  only  for  individual 
species  and  reservoirs  but  also  for  drainage  areas,  as  the  following 
exam, pie  illustrates. 

EXAMPLE:  The  average  standing  crop  for  all  reservoirs  in  the  White 

River  Basin  is  300  pounds  per  acre  at  the  time  of  cove  sampling  in 
August.  3y  August,  60  percent  of  the  annual  growing  season  of  200  days 
is  ovt -.  The  relation  between  growing  season  and  production  predicts 
that  the  maximum  annual  production  for  a 200-day  growing  season  will 
be  about  70  percent  of  carrying  capacity  (Figure  3)*  The  relation  of 
carrying  capacity  to  August  standing  crop  can  be  written: 

Carrying  capacity  + 0.6  (0.7  carrying  capacity)  = standing  crop,  (l) 
which  rearranges  to: 

Carrying  capacity  = standing  crop/l.42 

e.g.: 

White  River  reservoir  carrying  capacity  = 300/1.42  = 211  lb/acre 
and  the  expected  maximum  annual  surplus  production  is: 

Annual  production  « 0.7  (211)  «=  148  lb/acre 
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Figure  5.  Hypothetical  relationship  of  average  annual  length 
of  growing  season  (frost-free  period  in  days)  to  maximum  an- 
nual fish  production  as  a percent  of  carrying  capacity.  (The 
regression  formula,  where  X is  growing  season  in  days  and  Y 
is  maximum  production  as  a percent  of  carrying  capacity,  is 
Y = 81.73  - 1.516X  + 0.01099X2  - 0.00001845X3.) 


45.  The  growing  season-production  relationship  may  not  predict 
sound  estimates  for  new  reservoirs.  These  reservoirs  have  initial  high 
fertility  and  fast  turnover  rates  and  may  produce  more  than  predicted. 

The  postulated  relationship  should  be  reasonable  for  older,  more  stable 
reservoirs. 

46.  Appendix  G presents  the  calculated  carrying  capacities  of 
various  species,  summarized  by  major  reservoir  groups.  Carrying  capacity 
was  distributed  among  the  food  compartments  on  the  basis  of  the  propor- 
tionality routine  used  to  distribute  fish  biomass. 

47.  Annual  production  was  also  determined  on  a regional  basis 
by  drainage  area  but  not  for  individual  species;  it  is  presented  in 
Appendix  F.  Production  is  also  distributed  among  the  food  compartments 
based  on  the  proportionality  routine  previously  described. 

48.  The  distribution  of  carrying  capacity  and  expected  annual 
surplus  production  among  the  food  compartments  also  reflects  the  biomass 
distribution  among  the  fish  species  compartments  of  the  model. 

Fish  Reproduction 

49.  For  modeling  purposes,  fish  reproduction  has  been  defined 

as  the  biomass  of  young  fish  existing  just  before  the  beginning  of  their 
second  growing  season.  This  corresponds  to  the  time  of  annulus  formation 
when  the  fish  are  not  quite  one  calendar  year  old.  To  rephrase  the 
definition  of  reproduction,  it  is  the  production  of  young  fish  that 
survive  from  hatching  through  the  critical  period  of  the  following 


spring. 


50.  Published  data  on  fish  reproduction  in  a form  and  detail 

necessary  for  the  fishery  model  are  not  available  in  the  literature. 

Therefore,  the  growing  season-fish  production  relationship  shown  in 

Figure  3 was  used  to  estimate  fish  reproduction  in  GS  reservoirs. 
Estimating  fish  reproduction 

51.  Data  for  21  Predator  Stocking  Evaluation  (PSE)  reservoirs 
(Jenkins  and  Korais  1977)  were  used  to  estimate  fish  reproduction  rates 
in  CE  reservoirs.  These  reservoirs  are  in  the  eastern  and  southern 
United  States.  For  each  reservoir,  two  years  of  data  (1972,  1973) 
were  available  on  the  standing  crop  of  young-of-the-year  fish.  The 
growing  season-production  relationship  was  applied  to  these  data  and 
the  expected  annual  production  of  all  young-of-the-year  fish  was  calcu- 
lated. Annual  production  of  young-of-the-year  fish,  after  being 
corrected  for  mortality,  was  defined  as  fish  reproduction  for  modeling 
purposes.  Table  U summarizes  the  results  for  all  reservoirs  in  the  sam- 
ple in  terms  of  carrying  capacity.  Considerable  variability  existed 
among  reservoirs  examined,  but  when  all  values  were  pooled  and  averaged, 
reproduction  was  estimated  to  be  about  28  percent  of  carrying  capacity, 
or  37  percent  of  the  total  annual  production. 

52.  Two  reservoirs  from  the  above  sample,  Beaver  and  Bull  Shoals, 
both  on  the  White  River  in  Arkansas,  have  extensive  data  on  young-of- 
the-year  production  available.  Data  for  10  years  on  Bull  Shoals  and 

8 years  on  Beaver  were  analyzed  to  develop  an  estimate  of  year-to-year 
variability  in  reproduction.  Table  5 presents  the  results  of  this 
analysis,  which  indicate  that  total  reproduction  as  well  as  reproduction 
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Table  4 


Estimated  Reproduction  as  a Percentage  of  the 
Carrying  Capacity  for  21  PSE  Reservoirs  in  1972  and  1973 


Reservoir  and^  State 

Jordan,  Alabama 

Mitchell,  Alabama 

Beaver,  Arkansas 

Bull  Shoals,  Arkansas 

Greeson,  Arkansas 

Jackson,  Georgia 

Sinclair  Georgia 

Deep  Creek,  Maryland 

Barnett,  Mississippi 

Enid,  Mississippi 

Grenada,  Mississippi 

Okatibbee,  Mississippi 

Sardis,  Mississippi 

Badin,  North  Carolina 

Gaston,  North  Carolina 

Cherokee,  Tennessee 

Dale  Hollow,  Tennessee 

Watauga,  Tennessee 

Bastrop,  Texas 

Cypress  Springs,  Texas 

E.  V.  Spence,  Texas 

Average  of  all  reservoirs 

Average  of  all  reservoirs,  ex- 
cluding Beaver  and  Bull  Shoals 


Year 


1972-73 

1972 

1973 

Average 

16.5 

21.0 

18.8 

36.2 

25.5 

30.8 

26.0 

27.1 

22* 

27.8 

67.7 

33** 

23.2 

46.2 

34.7 

34.3 

24.8 

29.5 

57.1 

35.8 

46.5 

36.3 

44.8 

40.5 

32.6 

61.8 

47.2 

26.1 

14.4 

20.3 

17.1 

29.6 

23.4 

24.0 

23.8 

23.9 

15.7 

17.4 

16.5 

29.4 

28.4 

28.9 

9.6 

17.7 

13.6 

31.8 

29.1 

30.4 

7.5 

20.7 

14.1 

14.0 

7.0 

10.5 

21.7 

30.0 

25.9 

15.5 

27.7 

21  .6 

43.2 

58.8 

51.0 

27.8 

27.8 

* Eight-year  average. 

**  Ten-year  average. 
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* Estimates  are  based  on  10  years  of  data  for  Bull  Shoals  and  8 years  of  data  for  Beaver. 
**  Y-0-Y  is  the  abbreviation  for  young-of-the-year  (fish). 


by  various  types  of  fishes  is  highly  variable  from  year  to  year. 

The  average  value  for  total  reproduction  for  both  reservoirs  in  combina- 
tion was  28  percent,  which  was  identical  to  the  average  reproduction 
of  all  21  reservoirs  discussed  previously. 

53.  If  fish  reproduction  in  Beaver  and  Bull  Shoals  reservoirs 

can  be  considered  typical  of  the  White  River  Basin,  the  following 

relationships  would  apply  regionally:  the  White  River  Basin  carrying 

capacity  is  211.4  pounds  per  acre;  reproduction  is  then  52.9  pounds 

per  acre.  Of  this  reproduction,  64  percent  or  33.8  pounds  per  acre  is 

contributed  by  shad;  27  percent  or  14.3  pounds  per  acre  by  predators; 

and  9 percent  or  4.8  pounds  per  acre  by  all  other  species. 

Regional  variations 

54.  Insufficient  data  exist  at  present  to  statistically  demonstrate 
regional  variation  in  reproduction  rates.  Data  are  lacking  for  most 
areas  of  the  country,  but  it  can  be  anticipated  that  regional  differ- 
ences in  reproduction  rate  do  exist.  The  above  data  suggest  that 
reservoirs  of  the  Lower  Mississippi  drainage  and  Tennessee  Valley  have 
lower  reproduction  than  the  average  value  derived  in  this  analysis. 

55.  The  contributions  of  the  various  fish  compartments  to  total 
reproduction  can  change,  depending  on  fluctuating  environmental  character- 
istics and  reservoir  fish  species  composition.  Because  the  contribution 
of  each  fish  compartment  to  total  reproduction  cannot  be  determined 
directly  from  the  data  available,  an  indirect  method  has  been  used. 
Reproduction  by  each  fish  compartment  has  been  assumed  to  make  the 

same  percentage  contribution  to  total  reproduction  as  the  percentage 
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recruitment  contribution  by  each  compartment  makes  to  total  recruitment 
(see  Fish  Recruitment).  It  is  assumed  that  recruitment  to  a fish 
compartment  is  directly  proportional  to  that  compartment's  reproduction. 

A further  assumption  is  that  there  is  no  differential  mortality  of 
prerecruits  among  the  fish  compartments.  Data  for  the  21  reservoirs 
examined  previously  were  analyzed  by  this  technique  (Table  6). 

56.  Most  young-of-the-year  fish  produced  by  the  fish  compartments 
do  not  feed  on  the  same  food  as  adults.  This  created  a problem  in  data 
analysis  because  most  young  fish  did  not  belong  to  the  same  fish  compart- 
ment as  the  adults.  The  apportionment  of  young-of-the-year  fish  among 
the  food  compartments  was  achieved  by  using  the  proportion-of-diet 
method  employed  to  distribute  fish  biomass  and  production,  except  that 
the  diet  of  young-of-the-year  fish  was  substituted.  Table  7 summarizes 
the  results  for  drainage  areas  or  particular  reservoir  groups  on  the 
basis  of  CE  reservoir  data.  Most  drainage  areas  were  excluded  from 
analysis  because  few  or  no  fishery  data  were  available. 

57.  The  above  data  represent  the  total  production  of  age  0 fish. 

Only  a portion  of  this  total  was  present  in  the  system  at  a given  time 
and  an  undetermined  amount  represented  production  that  would  be  lost 
during  the  year  through  mortality  and  anabolic  activities.  An  example 
is  offered  to  illustrate  this  point:  if  the  average  growing  season 

were  215  days,  as  it  is  for  the  21  PSE  reservoirs  used  to  estimate 
reproduction,  about  25  percent  of  the  annual  production  would  have 
occurred  by  1 June,  50  percent  by  1 July,  75  percent  by  1 August, 
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Table  6 

Contribution  of  F.ach  F ish 
Compartment  to  Total  Reproduction 


% Contribution  to 
Total  Reproduction 

20 


Plankt ivores 

30 

Benthos  Feeders 

25 

Terrestrial  Feeders 

5 

Fish  Compartment 
Pise ivores 


Detr it ivores 


20 


Annual  Reproduction  Supported  by  Each  Food  Compartment 


* TR  - Total  Reproduction. 

**  Excluding  Blue  Mountain,  Nimrod,  Ulster,  and  Great  Salt  Plains. 


and  100  percent  by  1 November  (Figure  4) . A net  loss  in  biomass  would 
occur  after  November,  until  the  next  growing  season. 

58.  Figure  4 illustrates  the  simplest  case  where  carrying  capacity 
is  stable  and  does  not  change  annually.  In  reality,  carrying  capacity 
may  vary  widely  from  year  to  year  depending  on  environmental  conditions. 
The  carrying  capacity  of  biomass  elaborated  during  the  growing  season 
is  determined  by  the  environmental  conditions  of  the  succeeding  winter 
and  spring. 

5?.  Caution  should  be  exercised  in  using  any  of  these  results. 

No  information  is  currently  available  for  testing  the  assumptions  of 
the  analysis. 


Fish  Recruitment 

60.  Recruitment  was  defined  as  the  addition  of  new  fish  to  the 
vulnerable  population  by  growth  from  among  smaller  size  categories 
(Ricker  1775)*  The  vulnerable  population  consisted  of  those  size  classes 
of  fish  subject  to  the  sport  or  commercial  fishing  effort.  For  modeling 
purposes,  biomass  was  recruited  rather  than  numbers  of  fish.  Estimating 
recruitment  by  using  standard  techniques  such  as  recruitment  curves, 
required  information  on  the  spawning  stock,  fecundity,  and  mortality  of 
each  species.  These  data  were  unavailable  for  mixed  species  populations 
of  reservoir  fishes.  An  alternative  method  of  estimating  recruitment, 
and  the  one  used  in  this  study,  was  to  set  a minimum  size  at  which 
each  species  was  recruited. 
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Figure  4.  Relationships  among  standing  crop, 
surplus  annual  production,  carrying  capacity, 
and  time  of  year  for  21  PSE  reservoirs. 
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61.  Using  the  data  of  Hayne  et  al.  (1967),  major  groups  of  fish 
or  fish  specie:'  were  assigned  a size  range  at  which  they  were  recruited 

(Table  8).  size  ranges  were  assigned  because  fish  normally  grow  through 
one  or  more  length  classes  each  year  and  can  grow  from  a length  class 
not  yet  recruited  into  a recruitable  class  during  the  growing  season. 
Using  length  class-standing  croj  lata  f r PSE  reservoirs,  r<  :ruitn»ent 
was  then  estimated  for  sport  and  commercial  fish  speci< 

62.  Because  recruitment  to  the  harvestable  population  increased 
over  the  course  of  the  growing  season,  a single  recruitment  value  was 
inappropriate.  An  attempt  has  been  made  to  distribute  the  expected 
annual  recruitment  over  the  course  of  the  growing  season.  Recruitment 
estimates  included  the  surplus  annual  production  of  the  recruits.  This 
production  would  not  be  expected  to  survive  until  the  next  year's 
growing  season  but  would  be  lost  to  natural  causes  (weight  loss  and 
natural  mortality)  or  would  be  harvested  by  man.  The  annual  recruitment 
that  was  expected  to  survive,  called  the  carrying  capacity  of  the 
recruits,  has  also  been  determined.  Figure  U illustrates  these 
relationships. 

63.  The  mass  balance  nature  of  the  fishery  model  required  that 
the  biomass  of  recruited  fish  be  distributed  among  the  appropriate  fish 
compartments.  The  apportionment  was  achieved  by  using  the  same  technique 
as  outlined  for  fish  biomass  data,  based  on  fish  food  habits  at  the 

time  of  recruitment  (Table  9).  Tables  10  and  11  summarize  the 
distribution  of  recruitment  among  food,  and  hence,  fish  compartments. 
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Table  8 


Length  at  Kecru it  men t for  Reservoir 
F 1 sh  Species  or  Species  Groups 


Category  of  Fish 

Total  Length 
in. 

Sport  Fish 

Cat  f Ishes* 

8-10 

Temperate  basses 

8-10 

Black  basses 

8-10 

Crappies 

8-10 

Sunf isbes 

6-7 

Walleye 

8-10 

Pike  and  Pickerels 

8-10 

Yellow  Perch 

8-10 

Carp* 

8-10 

Commercial  Fish 

Shad 

5-6 

Gars 

18-20 

Bowf in 

18-20 

Catostomids 

11-13 

Freshwater  drum 

7-9 

* Considered  both  a sport  and  commercial  species. 
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Fish  Food  at  Recruitment  Expressed 
as  a Percentage  of  the  Diet  by  Volume 


t4,  Catfishes  and  carp  are  included  here  as  well  as  in  the  sport  fish  recruitment  estimate.  Shad  are  excluded. 


Percentage  of  Total  Annual  Recruitment 


The  recruitment  values  in  Table  10  for  1 April  represent  the  initial 
standing  crop:;  of  the  recruits  at  the  beginning  of  the  growing  season, 
w.-.ich  is  also  the  carrying  capacity.  The  carrying  capacity  of  sport 
fisr.  recruits  averaged  11  percent  of  total  carrying  capacity  for  all 
reservoirs  combined  for  both  years.  Individual  values  varied  from  2.1 
to  2^.5  percent.  Reservoirs  of  the  Arkansas  and  White  Rivers  appeared 
to  have  lower  recruitment  rates  than  the  other  reservoirs.  However, 
insufficient  data  exist  to  statistically  demonstrate  the  validity  of 
these  rates.  Commercial  fish  species  had  a carrying  capacity  of  recruits 
tnat  is  about  5 percent  of  the  total  carrying  capacity. 

64.  Recruitment  estimates  were  based  on  a predominantly  southern 
sample  of  reservoirs.  Caution  must  be  exercised  in  attempting  to 
extrapolate  these  data  to  other  regions  of  the  country.  For  instance, 
salmonids  were  not  represented  in  sport  fish  biomass  in  the  reservoirs 
sampled.  They  were,  however,  the  predominant  sport  fish  in  other  areas 
of  the  country  (Appendix  C,  Part  I).  A further  complicating  factor  was 
the  length  of  growing  season.  Jenkins  (1974)  has  described  the  hypothet- 
ical relationship  of  growing  season  to  fish  production.  Generally,  the 
longer  the  growing  season,  the  greater  the  fish  production  (Figure  3). 

The  PSE  reservoirs  had  an  average  growing  season  of  215  days,  which 
meant  that  the  fish  production  during  the  growing  season  would  be  about 
75  percent  of  the  carrying  capacity.  This  relationship  would  not  be 
true  of  a reservoir,  say  in  the  Missouri  Basin,  that  had  a growing 
season  of  160  days  where  fi3h  production  would  be  about  40  percent  of 
carrying  capacity. 

1*9 


65.  Data  are  lacking  for  the  estimation  of  recruitment  for 
reservoirs  in  other  regions  of  the  country.  The  suggested  approach  for 
estimating  recruitment  when  a data  base  is  lacking  is  to  use  the  relation- 
ship between  recruitment  and  total  carrying  capacity.  For  example, 
benthos-feeding  sport  fish  recruits  on  1 July  made  up  ' .5  percent  of 

the  total  carrying  capacity  in  PSE  reservoirs  (Table  1-  . Assuming 
that  the  6.5-percent  relationship  is  relative  and  is  a reasonable 
estimate  regardless  of  geographical  location,  carrying  capacity  and 
growing  season  can  vary.  It  is  necessary  to  know  carrying  capacity, 
which  has  already  been  determined  (Appendix  G).  Only  the  calendar  dates 
between  which  growth  occurs  need  to  be  reset  and  the  percentage  of  total 
growth  occurring  by  a given  date  properly  proportioned. 

66.  The  technique  used  in  estimating  recruitment  may,  in  some 
cases,  overestimate  the  correct  value.  This  is  especially  true  if  much 
of  the  sport  fish  biomass  is  contributed  by  sunfishes,  since  sunfish 
recruited  at  a length  of  5 and  6 inches  are  near  their  maximum  size. 

At  this  size,  sunfish  of  several  year  classes  tend  to  accumulate. 

Fish  recruited  in  previous  years  showing  little  additional  growth  could 
conceivably  still  be  within  this  size  range  and  hence  recounted  in  the 
recruitment  estimate. 

67.  A comparison  of  estimated  recruitment  rates  (Table  10)  with 
estimated  harvest  rates  (Appendix  C)  indicates  that  sufficient  fish  are 
usually  recruited  to  replace  those  that  are  harvested. 
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Pir.t.r  i but  ion  of  t1’L:;h  Harvest, 
Among  Model  Compartment.". 


68.  Sport  and  commercial  fish  harvests  for  CE  reservoirs  were 
described  in  Part  II  of  this  paper.  The  mass  balance  nature  of  the 
fishery  model  required  that  the  biomass  of  harvestable  fish  be  distributed 
among  the  appropriate  fish  compartments.  The  apportionment  was  achieved 
in  this  analysis,  as  before,  by  distributing  the  biomass  of  each 
harvested  species  among  compartments  in  direct  proportion  to  the  percentage 
of  diet  by  volume  eaten  in  each  food  compartment  (Table  9).  For  example, 
black  basses  at  recruitment  ate  8 percent  benthos,  86  percent  fish, 

and  6 percent  terrestrial  food  items.  Therefore,  8 percent  of  the  bio- 
mass of  black  basses  harvested  was  assumed  to  have  come  from  the  benthic- 
feeding  fish  compartment,  87  percent  from  the  piscivorous  fins  compart- 
ment, and  6 percent  from  the  terrestrial-feeding  fish  compartment. 

Plant  material  has  been  separated  from  detritus  in  this  analysis,  but 
it  may  be  desirable  to  combine  these  two  food  compartments.  The  division 
between  plant  material  and  detritus  is  usually  made  by  an  arbitrary 
judgment.  Appendix  H,  Parts  I and  II,  summarizes  the  distribution  of 
harvest  among  the  food,  and  hence,  fish  compartment:;. 

Fish  Growth  Rates 

69.  Estimates  of  specific  growth  rates  under  laboratory  coi.  :itions 
and  for  long  time  periods  were  available  for  only  a few  fish  species. 

Many  laboratory  investigations  in  which  growth  rates  were  studied  were 
not  concerned  principally  with  determining  the  maximum  rates  attainable. 
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Those  studies  attempting  to  determine  maximum  growth  rates  under  varying 
conditions  (i.e.,  photoperiod,  temperature,  or  food  ration)  usually 
tested  young  fish  less  than  age  II.  These  fish  have  high  growth  rates 
and  the  application  of  their  maximum  growth  rates  to  mixed  species  and 
mixed  aged  populations  in  reservoirs  may  not  be  valid.  A further 
hindrance  to  using  results  from  the  literature,  whether  they  be  from 
laboratory  or  field,  was  that  most  results  were  presented  in  terms  of 
growth  in  length,  not  in  weight.  Many  authors  failed  to  indicate  the 
length-weight  relationships  so  that  the  data  cannot  be  converted. 

Others  failed  to  include  the  exact  time  period  over  which  growth  occurred 

70.  The  data  presented  in  Appendix  I represent  the  maximum 
growth  rates  found  in  the  literature  for  46  reservoir  fish  species. 

The  literature  survey  was  not  exhaustive  but  represented  an  examination 
of  over  230  papers  dealing  with  fish  growth  in  weight.  Some  species  are 
represented  by  only  a single  citation  while  others  have  as  many  as 
30  references  with  data  for  all  major  climatic  areas  of  the  country. 
Growth  had  to  be  expressed  as  a rate  between  age  classes,  because 
information  on  growth  in  weight  between  length  classes  that  included 
time  period  information  necessary  to  derive  per-day  rates  was  unavailable 
The  tabular  data  under  "age-class  I"  represent  growth  rates  for  fish  from 
age  0 to  age  I,  and  'under  "age-class  II",  for  fish  from  age  I to  age  II, 
and  so  on.  napers  cited  in  Carlander  (l?69  and  unpublished)  represented 
60  percent  of  the  papers  examined  in  compiling  growth  rate  data. 

71.  The  youngest  fish,  both  in  the  laboratory  and  in  the  field, 
have  the  highest  specific  growth  rates  and  the  oldest  fish  the  lowest. 
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Ideally,  to  derive  a maximum  growth  rate  for  a reservoir  fish  population, 
one  would  weight  the  maximum  growth  rate  of  each  species  at  each  age 
class  by  the  corresponding  biomasses  and  arrive  at  an  overall  weighted 
average.  Insufficient  data  exist  to  attempt  this  for  any  reservoir,  so 
an  alternative  approach  must  be  used.  In  a mixed  species  reservoir 
population,  the  greatest  biomass  of  fish  is  usually  in  age-class  II 
or  III.  Therefore,  to  obtain  the  best  estimate  of  maximum  growth 
rate  for  the  reservoir  fish  population  as  a whole,  it  is  necessary  to 
determine  the  maximum  growth  rate  for  fish  in  age-class  II  or  III. 

This  value  should  be  less  than  the  high  growth  rate  of  fish  younger 
than  age  II  but  greater  than  the  low  growth  rate  of  fish  older  than 
age  III.  Field  study  data  must  be  relied  upon  heavily  in  estimation 
because  laboratory  data  are  scant.  The  authors  believe  that  the  esti- 
mates will  approximate  the  maximum  population  growth  rate.  High  specific 
growth  rates  of  young  fish  that  make  up  a small  percentage  of  the  total 
biomass  are.  balanced  by  the  low  specific  growth  rates  of  old  fish  that 
usually  make  up  a greater  percentage  of  the  biomass. 

72.  At  this  time  there  appears  to  be  no  difference  statistically 
in  maximum  specific  growth  rates  among  the  proposed  fish  compartments 
of  the  model.  Reasonable  estimates  for  the  maximum  specific  growth 
rate  range  from  0.007  to  0.015  per  day,  with  the  most  favored  value 
being  0.010  per  day. 


Half-Saturation  Constants  for  Fish  Growth 


73-  The  concept  of  half-saturation  constants  or  dissociation 
constants,  has  its  origins  in  enzyme-substrate  kinetics  theory  as 
first  expressed  by  Michaelis  and  T'enten  (1913).  They  developed  an 
equation  to  express  the  relationship  of  the  rate  of  a chemical  reaction 
as  a function  of  the  maximum  reaction  rate  possible,  the  concentration 
of  the  material  reacting,  and  a constant,  known  as  a dissociation  or 
half-saturation  constant.  Biologists  have  used  the  Michaclis-Venten 
relationship,  as  it  is  known,  to  describe  many  rate-dependent  phenomena 
in  living  systems. 

74.  The  fishery  model  uses  half-saturation  constants  to  adjust 
the  growth  rate  of  fish  to  the  available  food  supply.  The  half- 
saturation constant  is  actually  the  amount  of  food  ingested  that  results 
in  fish  growing  at  half  the  maximum  growth  rate.  This  relationship 
can  be  described  as  follows: 


v = V (tt- 
max  \< 


+ S' 


(2) 


where : 


v = actual  growth  rate 

V = maximum  growth  rate 
max 

S = food  concentration  ingested 

K = half-saturation  constant 
s 

75.  It  was  found  that  the  relation  of  fish  growth  to  food  con- 
sumption does  not  closely  follow  the  above  Michael is -Men tun  relationship. 

76.  Transformations  of  fish  growth-food  consumption  data, 
following  Michaelis-Menten  (Case  I)  (Lineweaver  and  Burk  1934),  indicate 


* 
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that  fish  growth  can  obtain  infinite  velocity  at  a finite  food  level. 
Obviously,  this  is  untrue.  Further  transformations  developed  to  analyze 
more  corr.plex  enzyme-substrate  interactions  (Cases  II  through  VI)  fail  to 
accurately  model  fish  growth-food  consumption  relationships.  Case  71 1 
(Diffusion)  most  closely  fits  the  available  aata.  The  form  of  this 
relationship  is: 


” ■ V„a*  kl  * kl  Ks  <S>  - v> 

t 

where:  k.  = velocity  constant 

This  relationship  was  used  to  estimate  the  half-saturation  constant 
K for  all  data  sets. 


(3) 


s 

77.  Numerous  laboratory  studies  have  examined  the  influence  of 
food  ration  quantity  on  fish  growth.  However,  few  of  these  studies  have 
examined  the  growth-food  consumption  relationship  in  enough  detail  to 
allow  an  estimate  of  the  half-saturation  constant  to  be  made.  Many 
studies  are  statistically  'unreliable  because  conclusions  are  drawn 
from  small  sample  sizes.  Others  fail  to  distinguish  between  the  growth 
efficiencies  of  fish  of  different  ages.  Only  Brett  et  al.  (196?)  examined 
the  temperature  effects  on  the  growth-food  consumption  relationship  and 
also  included  sufficient  detail  to  estimate  half-saturation  constants. 

7fi.  Data  drawn  from  six  laboratory  studies  were  analyzed  to 
estimate  half-saturation  constants;  the  results  are  presented  in  Table  12. 
Young  fish  were  tested  by  Williams  (1959),  Gammon  (1963),  Brett  et  al. 
(1969),  and  Andrews  and  Stickney  (1972).  Because  the  growth  rates  of 
these  fish  are  higher  than  for  older,  slower  growing  fish,  the  estimated 
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half-saturation  constants  will  be  high.  Thompson  (1941)  presented 
data  for  a 10-inch  largemouth  bass.  A bass  of  this  size  represents  a 
typical  reservoir  predator.  Only  two  data  sets  were  available  for 
benthos-feeding  fish:  the  channel  catfish  data  of  Andrews  and  Btickney 

(1972)  which  are  limited  and  should  be  treated  cautiously;  and  the 
Davis  and  Warren  (1965)  investigation,  which  studied  yearling  reticulate 
sculpins  under  cold-water  conditions. 

79.  One  would  expect  the  half-saturation  constant  to  increase  as 
water  temperature  increased.  After  the  fingerling  sockeye  salmon  studied 
by  3rett  et  al.  (1969)  were  fed  an  omnivorous  diet,  the  authors  concluded 
that  15°C  was  optimum  for  growth.  A substantial  change  in  the  half- 
saturation constant  as  the  temperature  increased  from  10°  to  15°C  was 
noted.  At  present  insufficient  data  exist  to  demonstrate  different  half- 
saturation constants  for  piscivores  and  benthos  feeders.  No  data  could 
be  located  for  detritivores  or  planktivores. 

BO.  Estimates  of  the  half-saturation  constants  using  Lineweaver- 
Burk  transformations  must  be  treated  cautiously.  Based  on  the  analysis 
of  the  estimated  half-saturation  constants,  and  considering  the  influence 
of  fish  size,  it  is  suggested  that  initially  be  considered  5 percent 

of  fish  wet  body  weight  per  day  at  20°C.  Five  percent  of  the  body 
weight  consumed  per  day  corresponds  closely  with  the  food  intake  rate 
for  optimum  efficiency  in  growth  (4  to  5 percent  for  many  species). 
Additionally,  food  consumption  at  this  level  will  result  in  a growth 
rate  that  corresponds  to  the  maximum  growth  rate  observed  in  the  field 
for  some  species. 
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PI.  Pecause  Michaelis-f-'enten  relationships  do  not  closely  fit 
fishery  data,  it  is  juestionable  whether  or  not  the  enzyme  kinetics 
theory  is  conceptually  applicable  to  fish  populations.  The  analysis  of 
relations  between  fish  food  consumption  and  fish  growth  may  require 
the  development  of  a new  theoretical  framework.  Ko  attem.pt  has  been 
made  here  to  advance  a new  approach  in  developing  fish  growth  half- 
saturation constants. 

82.  V and  K are  constants  under  specified  conditions, 

max  s r 

In  nature,  however,  conditions  rarely  ever  remain  constant.  For  instance, 
as  a fisn  swims  through  the  environment,  it  encounters  differing  concen- 
trations of  different  foods.  Different  types  of  food  may  have  different 
palatabilities  to  the  fish.  Thus  in  nature  and  V may  appear 

to  vary  continually  (Parker  1975).  Parker  has  shown  that  if  the  Michaelis 
.Venten  equation  is  used  to  describe  food  ingestion  by  fish,  constant 

values  for  V and  K do  not  reproduce  observed  stomach  contents, 
max  s 

When  both  V and  K were  allowed  to  vary  with  the  availability  of 

max  s 

alternate  foods  and  the  relative  preference  of  these  foods,  the  expected 
stomach  contents  agreed  closely  with  actual  observation. 

Digestive  Efficiencies  of  Fish 

83*  Knowledge  of  energy  transfer  from  one  trophic  level  to 
another  is  important  in  understanding  fish  population  dynamics  and  the 
relationship  of  fish  populations  to  other  biological  systems  in  reservoirs 
Information  on  energy  use  and  transfer  can  be  obtained  by  studying 
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fish  digestive  efficiencies.  Digestive  efficiency,  in  broad  terms, 
indicates  how  the  food  a fish  eats  is  used  for  growth  and  other  physio- 
logical functions.  The  energy  budget  for  food  consumed  by  a fish  can 
be  written  (after  Warren  and  Davis  1?67)  as: 

C-F+U  + R + aD  (3) 

where:  C = energy  consumed  (ingestion) 

F = energy  egested  (egestior. ) 

U = energy  lost  as  excretory  products  (excretion) 

R = energy  of  respiration 
A.B  = energy  accumulated  as  growth 
814.  In  this  report  information  on  two  measurements  of  fish  diges- 
tive efficiency  is  summarized:  ecological  growth  efficiency  and  assimila- 

tion efficiency.  Data  on  the  food  consumption  requirements  of  various 
fish  species  are  also  presented,  iio  attempt  has  been  made  to  interpret 
the  relationship  of  ecological  growth  efficiency  or  assimilation  efficiency 
to  fish  age,  condition,  food  availability,  or  other  environmental  character- 
istics. The  reader  is  referred  to  Warren  and  Davis  (1967)  for  an 
excellent  review  of  fish  feeding,  bioenergetics,  and  growth. 

£5.  Ecological  growth  efficiency  has  also  been  called  gross  growth 
efficiency  and  is  defined  as:  AB/C  x 100.  Ecological  growth  efficiency 

expresses  the  relationship  of  fish  growth  to  total  food  consumption. 

Appendix  J summarizes  data  on  ecological  growth  efficiency.  Values  range 
from  4.2  percent  for  a wild  population  of  bluegill  to  62.5  percent  for 
young  channel  catfish  under  controlled  laboratory  conditions.  For 
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carnivorous  fish  species,  Winberg  (1956)  found  the  average  ecological 
growth  efficiency  to  be  20  percent.  This  20-percent  value  is  widely 
accepted  in  the  literature  as  representative  of  most  fish  species. 

86.  Assimilation  efficiency  is  defined  as 

A/C  x 100  (1* 

where:  A = energy  assimilated  = C - F - U 

Appendix  J summarizes  assimilation  efficiencies  for  fish.  Assimilation 
efficiency  in  fish  is  high,  ranging  from  66  to  98  percent,  "any  workers 
consider  80-percent  assimilation  efficiency  realistic  for  most  fish 
species. 

87.  Appendix  J also  lists  the  daily  food  consumption  of  fish, 
expressed  as  a percentage  of  body  weight.  Data  on  the  daily  meal  of 
fish  are  useful  in  calculating  energy  budgets  and  for  determining  the 
amount  of  food  necessary  to  support  a fish  population.  Daily  meals 
vary  widely  depending  upon  fish  age,  availability  of  food,  and  other 
environmental  variables.  In  general,  food  amounting  to  1 percent  of 
the  body  weight  per  day  is  needed  for  maintenance  without  growth,  and 
4 to  5 percent  of  the  body  weight  per  day  is  required  for  optimum 
growth  efficiency. 


Fish  Mortality  Rates 

88.  The  fishery  model  currently  defines  mortality  rate  as  that 
fraction  of  the  fish  biomass  that  is  converted  to  detritus  by  death. 
Modifications  in  the  model  will  be  necessary  to  account  for  fish  biomass 


lost  by  predation  to  piscivorous  fish.  Estimates  of  the  ecological 
growth  efficiency  of  carnivorous  fish  indicate  that  20  percent  of  the 
fish  biomass  lost  to  predators  will  be  incorporated  as  new  fish  biomass 
through  growth,  and  the  remaining  80  percent  will  continue  along  the 
detritus  pathway  in  the  form  of  egested  material  and  feces  (Winberg 
1956). 

89.  The  results  of  a review  of  the  natural  mortality  rates  of 
17  species  of  reservoir  fish  are  presented  in  Appendix  K.  This  review 
is  not  extensive.  It  does,  however,  adequately  demonstrate  that  natural 
mortality  can  be  highly  variable,  depending  on  fish  species,  fish  age, 
exploitation  rate,  and  numerous  environmental  variables.  For  exploited 
populations  tabulated  in  Appendix  K,  the  average  natural  mortality  rate 
per  day  for  all  species  is  0.001.  There  is  no  evidence  for  significantly 
different  regional  differences  in  mortality  rate.  Insufficient  data  are 
available  to  examine  the  possibility  of  differential  mortality  rates 
among  fish  compartments.  In  one  study  that  was  reviewed,  Patriarche 
(1968)  demonstrated  seasonal  differences  in  mortality  rate.  Seasonal 
mortality  rates  probably  vary  widely  over  the  continent  and  from  year 

to  year  within  a single  reservoir,  depending  upon  fluctuating  environmental 
conditions. 

90.  For  an  excellent  review  of  techniques  for  calculating  various 
mortality  rates  (total,  instantaneous,  conditional,  natural,  and  fishing), 
the  modeler  is  referred  to  Ricker  (1975). 


Fish  Respiration  Rates 


91.  All  energy  necessary  for  the  maintenance,  growth,  and  repro- 
duction of  fish  is  derived  from  the  energy  of  assimilated  food.  Most 
of  the  energy  is  used  in  a series  of  chemical  reactions  within  a fish 
known  as  metabolism.  Metabolic  processes  keep  the  internal  functions 
operating.  Energy  is  also  used  in  growth.  An  understanding  of  fish 
production  processes  requires  a knowledge  of  the  interactions  of  energy 
supply,  metabolism,  and  growth  (Beamish  and  Dickie  1967). 

92.  Respiration  rates  have  been  used  to  study  fish  metabolism. 
Metabolism  is  normally  equated  to  oxygen  consumption,  with  the  assumption 
being  that  all  energy  is  released  aerobically.  Small  amounts  of  energy 
are,  however,  released  anaerobically.  Respiration  rates  can  be  used  to 
determine  what  fraction  of  fish  biomass  is  converted  to  inorganic 
carbon,  nitrogen,  and  phosphorus  by  normal  metabolic  processes.  Know- 
ledge of  the  rate  transfers  of  these  three  elements  is  necessary  for 

the  mass  balance  functions  of  the  fishery  model. 

Types  of  respiration 

93.  Three  types  of  respiration  rates  were  examined  in  this  study: 
standard,  routine,  and  active. 

!lh.  Standard  respiration.  The  oxygen  consiimod  in  the  absence  of 
measurable  movement  is  standard  respiration.  Standard  metabolism  has 
also  been  termed  nonactive,  basal,  or  resting  metabolism.  Obviously 
standard  metabolism  can  be  difficult  to  measure  as  few  fish  species  are 
completely  quiescent  for  extended  periods. 
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,l  . Routine  ru:;; i rat. ion . The  rate  of  oxygen  comsumption  of  a 


fi.ii  showing  normal  activity  is  routine  respiration.  Routine  respira- 
tion is  often  measured  as  the  average  oxygen  consumption  observed  over 
a . ii-hour  per  iod . 

a . Active  res, pi  rat  ion  ■ The  maximum  rate  of  oxygen  consumption 
under  continuous  forced  activity  is  active  respiration. 

97.  It  is  beyond  the  scope  of  this  report  to  attempt  to  review 

all  the  available  information  on  the  metabolic  rates  of  fishes.  For 

further  information  on  this  subject  the  reader  is  referred  to  the  works 

of  ninberg  '1956),  Fry  (1957),  and  beamish  and  Dickie  (1967).  This 

study  attempted  to  draw  general  conclusions  about  fish  respiration 

rates  in  support  of  the  data  requirements  of  the  fishery  model. 

Effect  of  temperature  and  fish  weight 

98.  The  active  metabolic  rate  in  relation  to  temperature  does  not 

necessarily  follow  a course  parallel  to  the  curve  for  the  standard  rate. 
The  active  rate  may  continue  increasing  until  the  fish  reaches  its  upper 
lethal  temperat.  re  limit  as  in  trout  and  catfish.  It  may  reach  a 
plateau  as  in  goldfish,  or  it  may  actually  be  depressed  at  the  higher 
temperatures,  as  in  lake  trout  (Figure  5,  Fry  1957).  For  these  reasons, 
predictive  equations  of  active  metabolism  based  on  linear  regressions 
may  not  be  valid,  or  they  may  be  valid  only  over  a limited  temperature 
range  (Appendix  L,  Part  I). 

99.  In  contrast,  the  standard  metabolic  rates  of  various  fish 
species  show  a qualitative  uniformity  of  response.  Standard  metabolism 
increases  with  increasing  temperature  and  therefore  is  usually  predictable 
based  on  linear  regressions  (Appendix  L,  Part  II).  Active  metabolism 


Increasing  Temperature 


Figure  5.  Active  and  standard  metabolic  rates 
of  thermally  acclimated  fish  (After  Fry  1957). 

S - standard  metabolic  rate;  A - active  metabolic 
rate.  Vertical  lines  represent  upper  lethal 
temperatures. 
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cannot  be  predicted  a priori  from  the  standard  metabolism  or  the  routine 

metabolism  (Norstrom  et  al.1976).  Additionally,  both  active  and 


standard  metabolism  are  related  to  fish  weight  in  most  species.  Metab- 
olism increases  with  increasing  weight  of  the  fish,  whereas,  metabolism 
per  unit  weight  usually  remains  the  same  or  decreases  with  increasing 
weight.  Both  fish  weight  and  temperature  must  be  considered  in  predicting 

active  and  standard  metabolism. 

Effects  of  fish  activity 

100.  Fry  stated  (3rowri  1957),  "An  interesting  point  in  connection 
with  the  oxygen  consumption  of  fish  is  that  the  active  rate  of  oxygen 
uptake  is  restricted  to  a few  multiples  of  the  standard  rate."  His  data 
for  several  species  showed  that  the  greatest  increases  of  the  active 
rates  are  only  of  the  order  of  four  times  the  standard  rates.  However, 
for  very  active  migrating  species  such  as  the  sockeye  salmon,  Brett 
(1964,  1965)  Mas  shown  that  the  active/standard  ratio  can  exceed  16, 
depending  on  fish  age.  Most  reservoir  fish  species  are  not  as  active 

as  the  ^ockeve  salmon  and  consequently  would  have  much  lower  active 
metabolic  rates. 

101.  Winberg  (1956)  and  Mann  (1969).  &s  well  as  other  workers,  are 

of  the  opinion  that  the  metabolic  rate  of  fish  in  confinement  should  be 
doubled  to  correct  for  activity  in  nature.  The  literature  review  given 
by  Winberg  (1956)  indicates  that  this  routine  metabolism  is  approximately 
1.7  times  the  standard  metabolism  (Appendix  I,,  Part  III).  The  relation- 
ship relating  routine  metabolism  to  standard  metabolism  is  successful 
in  predicting  respiration  rates  over  at  least  part  of  the  normal  temperature 


range  of  various  fish  species  (Solonon  and  :'rafiel<i  1972). 

102.  It  would  appear  that  the  best  estimate  of  the  rate  of 

respiration  for  normally  active  reservoir  fish  would  be  values  ror 
routine  metabolism,  such  as  those  tabulated  in  Winberm  I ‘5f~  Active 
metaoolism  rates  as  expressed  in  Appendix  L,  °arts  T and  ini. -att 

the  maximum  respiration  rates  for  short  time  intervals. 

usually  respire  at  these  rates  for  long  periods,  and  therefore  the 
values  diver,  overestimate  the  true  average  metabolic  of  normally 
active  fish.  Norstrom  et  al.  ( 197^  ) considered  active  metabolism  to  be 
three  times  the  routine  metabolism. 

103.  It  is  suggested  that  routine  respiration  rates  be  lsed  to 
estimate  respiration  in  active  fishes  (Appendix  L,  Part  IV).  Routine 
metabolism  can  be  estimated  to  be  two  or  three  times  standar  i metabolism 
for  reservoir  fishes  and  four  or  five  times  the  standard  metabolism 

for  active  cold-water  fish  like  salmonids. 

Temperature  Tolerances  of  Fish 

194.  Temperature  tolerance  limits  define  the  range  in  which  fish 
will  grow  and  survive.  Because  the  rates  of  most  biological  processes 
are  temperature  dependent,  it  is  important  to  know  the  temperature  limits 
an  organism  can  tolerate  and  also  its  preferrei  tenperat  .re  range  for 
optimizing  various  physiological  functions. 

105.  Temperature  tolerance  data  for  45  reservoir  fish  g)ecies  are 
presented  in  Appendix  M,  Part  I.  Appendix  I',  ’’art  II,  summarizes  the 
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many  temperature  tolerance  studies  by  species,  and  Table  13  presents  a 
generalized  temperature  tolerance  summary  by  fish  groups.  For  most 
warm-water  species,  upper  and  lower  temperature  tolerances  are  similar, 
the  lower  limit  being  reached  at  0°C  and  the  upper  limit  attained  between 
33°  and  37°'.  The  optimum  temperature  for  growth  is  centered  close 
to  27°C.  Cold-water  species,  such  as  salmonids,  also  reach  a lower 
letnal  limit  at  0°C,  but  the  upper  lethal  limit  is  near  to  25°C  and 
utimum  growth  occurs  at  about  14°C.  Temperature  tolerance  values 
presented  in  Appendix  y were  determined  at  various  acclimation  tempera- 

• In  summarizing  temperature  tolerance  limits  (TL)  by  species  (Ap- 
",  Part  II),  when  more  than  one  value  was  cited,  the  extreme  tem- 

.r-  tolerances  reported  resulting  in  the  survival  of  half  the  test 
for  at  least  2 1*  hours  are  listed  (24-hour  TL  50)*  if  known. 

Chemical  Composition  of  ?ish 

106.  Chemical  composition  data  were  used  in  the  fishery  model  to 
-.;iintu  in  continuity  of  mass  within  the  reservoir  ecosystem  by  adding 
an  appropriate  amount  of  a particular  constituent  to  the  fish  compart- 
ments through  feeding  and  consequent  growth  and  by  returning  mass  due 
’ .i,  re  ; .ration  and  decomposition  as  detritus. 

1 7.  Knowledge  of  the  carbon,  nitrogen,  and  phosphorus  composition 
of  fish  is  necessary  for  the  mass  balance  functions.  Table  14  presents 
these  data  for  a variety  of  freshwater  and  saltwater  fish  species.  In 
.-••nervi . , fish  are  48  percent  elemental  carbon  by  dry  weight  (dry  weight  = 
weight  after  desiccation  at  60°C  for  48  hours),  16  percent  elemental 

* A 24-hour  TL  30  is  the  median  toxicity  that  occurs  within  a 24-hour 
period. 
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Table  13 

T emp erature  Tolerances  for  Various  Kish  Groups* 


Species  Croup 

Lower  Lethal 

Optimum  for  Growth 

Upper  Lethal 

Pickerels 

0 

25.4 

34.4 

Minnows 

0 

27 

33.4 

Cat  f ishes 

0 

30 

37.1 

Sunf ishes 

<2.5 

27.5 

35.7 

Black  basses 

Si. 6 

27 

36.5 

Crappies 

*23 

32.5 

Ye  1 low  perch 

0 

24.2 

30.9 

Average  values 

0 

26.3 

34.8 

I 


* All  values  expressed  in  degrees  Centigrade 


Chemical  Composition  of  Fish 
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nitrogen,  and  5 percent  elemental  phosphorus. 


Reconmendat  i ons 


108.  Tne  recoiijnendations  presented  suggest  areas  for  furtner 
research  to  improve  the  fishery  mouel  data  oase.  No  attempt  has  been 
made  to  recommend  improvements  in  the  model  itself  or  to  address  the 
proolec.s  of  reservoir  operation  relating  to  fisheries  management . 

loi.  No  matter  how  well  conceived  a model  may  be,  its  success  in 
application  depends  largely  on  the  quality  of  the  data  used  to  develop 
at.  Large  deficiencies  in  the  data  base  exist  for  parts  of  the  fishery 
model,  and  these  deficiencies  have  been  emphasized  where  applicable. 

110.  The  authors  have  not  attempted  to  present  final  answers  to 
the  many  topics  examined  in  this  paper.  Much  of  the  material  presented 
is  developed  for  the  first  time  and  represents  an  attempt  to  provide  a 
starting  point  in  solving  some  very  difficult  and  little  studied  aspects 
of  modeling  fish  population  dynamics.  It  is  anticipated  that  some  of  the 
methodologies  used  will  be  subjected  to  criticism,  and  it  is  hoped  that 
out  of  such  criticism  new  approaches  to  modeling  and  a better  understand- 
ing of  fish  populations  will  develop  and  be  useful  in  future  modeling 
efforts . 

111.  It  is  recommended  that  the  following  areas  be  studied  further 
to  improve  the  model  data  base: 

1)  Additional  information  needs  to  be  collected  and  analyzed 
on  the  fishery  resources  of  CE  reservoirs,  especially  those  reservoirs 
located  in  the  northern  and  western  United  States.  Of  the  187  CE 
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reservoirs  for  which  physical  ana  chemical  data  were  available,  only 
33  percent  had  any  type  of  fishery  statistics  available.  Most  of  the 
reservoirs  with  useable  uata  were  located  in  the  south.  For  those 
reservoirs  where  fishery  data  were  availaole,  much  of  the  information 
was  fragmented.  Most  recent  data  covering  more  years  need  to  be  ootained 
to  develop  regional  fishery  coefficients. 

2)  A continuing  program  of  analyzing  fish  food  habits  will 
nelp  refine  the  fishery  model  compartments.  These  data  should  oe  gathered 
on  CE  reservoirs  when  possible.  As  mucn  of  tne  mouel  is  developed  upon 
fish  feeding  habits,  a good  data  base  is  critical. 

3)  Further  wor*  should  be  directed  toward  improving  the 
method  of  distributing  fish  biomass  among  the  food  compartments.  Improve- 
ment should  attempt  to  account  for  the  nutritional  value  and  useable 
energy  content  of  different  food  sources. 

4)  The  data  base  for  estimating  fish  reproduction  is  poor 
ana  an  attempt  should  be  made  to  ootain  further  information  on  fish 
reproduction,  especially  from  nonsouthern  reservoirs.  New  finds  will 
probably  oe  the  source  for  this  information. 

5)  Except  for  the  southern  United  btates,  there  is  a complete 
lack  of  fish  recruitment  data  of  a type  suitable  for  the  model.  New 
approaches  toward  estimating  both  reproduction  and  recruitment  should 

be  investigated. 

6)  The  concept  of  half-saturation  constants  for  fish  growth 
may  need  to  be  developed  from  a new  theoretical  framework.  The  current 


data  base  for  estimating  haif-saturation  constants  is  poor,  and  further 
refinements  of  these  constants  may  be  necessary. 

7)  Further  data  collection  on  the  natural  mortality  rates 
of  reservoir  fishes  is  needed,  especially  seasonal  mortality. 

8)  It  is  recommended  that  a continuous  effort  be  made  to 
review  new  literature  for  data  directly  applicable  to  fisheries  modeling. 
New  concepts  in  thinking  about  fish  population  dynamics  should  oe 
explored.  This  may  lead  to  improved  model  design  and  greater  predictive 
precision. 
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APPENDIX  A:  PHYSICAL  AND  CHEMICAL  DESCRIPTIONS 

OF  187  CORPS  OF  ENGINEERS  RESERVOIRS  GREATER 
THAN  500  ACRES  IN  SURFACE  AREA 


APPENDIX  A 


In  the  following  tabulation,  the  reservoirs  are  listed  alphabeti- 
cally by  drainage  area.  Definitions  of  characteristics  listed  in  column 
headings  are: 

(a)  Reservoir  name  - official  name  of  impoundment;  "Lake" 
omitted  from  name  when  occurring  as  part  of  the  official 
name . 

(b)  State  - two-letter  postal  abbreviation  of  the  state  name 
where  the  reservoir  is  located.  Interstate  reservoirs  are 
placed  in  the  state  w'  ere  the  dam  is  located. 

(c)  CE  Division  - Corps  of  E.  gineers  administrative  division 
having  responsibility  for  the  reservoir. 

(d)  Year  impounded  - first  year  in  which  a significant  volume 
of  water  was  stored. 

(e)  Use  type  - arbitrary  classification  of  reservoirs  into 
major  or  principal  use  types. 

Key:  1.  Hydropower 

2.  All  other  uses  including  navigation,  flood 

control,  irrigation,  water  supply,  or  fish  and 
wildlife. 

(f)  Chemical  type  - prevalent  chemical  type  of  inflowing  rivers, 
according  to  Rainwater  (1962).  Composition  of  rivers  of 
the  conterminous-  United  States.  Hydrologic  Investigations 
Atlas  HA-61.  Plate  2.  U.  S.  Geological  Survey.  Delinea- 
tion based  on  50-percent  breakpoint  of  major  constituents, 
computed  as  equivalents/million. 


Key : 1 . 

Ca-Mg,  CO3-HCO 

3. 

Na-K,  CO3-HCO3 

2. 

Ca-Mg,  SO4-CI 

4. 

Na-K,  SO4-CI 

Sed iment 

type  - sediment 

concentration  (annual  load/annua 

streamflow)  of  inflowing 

rivers  according  to  Rainwater 

(1962)  . 

(Reference  above 

. Plate  3. 

) 

Key : 1 . 

0-280  ppm 

4. 

6300-14000  ppm 

2. 

280-1900  ppm 

5. 

14000-28000  ppm 

3. 

1900-6300  ppm 

6. 

28000-38000  ppm 

(h)  Drainage  area  - in  square  miles. 

(i)  Surface  elevation  - in  feet  above  mean  sea  level,  of 
reservoir  surface  at  listed  area. 

(j)  Surface  area  - in  acres  at  average  annual  pool  level  where 
data  were  available;  otherwise,  conservation  pool,  summer 
pool,  operating  pool,  or  power  pool  area  is  listed. 

(k)  Volume  - expressed  in  thousands  of  acre-feet,  at  the 
listed  elevation. 


(1) 

(m) 

(n) 

(o) 
(P) 

(q) 

(r) 

(s) 

(t) 

(u) 

(v) 
(v) 


Total  annual  discharge  - expressed  in  thousands  of  acre- 
feet  . 


Storage  ratio  - the  ratio  of  the  reservoir  volume  at  the 
listed  elevation  in  acre-feet  to  the  average  annual  dis- 
charge in  acre-feet. 

Mean  depth  - in  feet,  at  listed  surface  area. 


Maximum  depth  - in  feet,  at  listed  surface  area. 

Outlet  depth  - midline  depth  of  principal  outlet,  in  feet. 
Where  multilevel  outlets  exist,  mean  depth  of  all  outlets 
is  listed. 


Therrooc 1 ine 
temperature 
A plus  sign 
not  form. 


depth  - in  feet,  of  top  of  thermocline  (water 
change  of  l°C/metre)  on  or  about  15  August. 
(+)  signifies  that  a stable  thermocline  does 


Fluctuation  - mean  annual  vertical  fluctuation  of  reservoir 
surface  level,  in  feet. 


Shoreline  length  - in  miles. 

Shore  development  - the  ratio  of  shoreline  length  to  the 
circumference  of  a circle  equal  in  area  to  that  of  the 
reservoir . 


Dissolved  solids  - residue  on  evaporation  at  180°C,  in  ppm. 
Mean  values  calculated  from  available  data;  rounded  to 
nearest  5 ppm  where  data  were  limited.  Primary  data 
sources  - U.S.G.S  Water  Resources  Data  - Part  2.  Water 
Quality  1970-1975. 

Specific  conductance  - in  micromhos  per  centimetre  at 
25°C.  Primary  data  sources  as  referenced  above. 

Growing  season  - average  number  of  days  between  first  and 
last  frost.  U.  S.  Weather  Bureau  data. 


dash  (-)  indicates  data  not  available 


Appendix  A (Continued) 
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APPENDIX  B:  ESTIMATED  ADJUSTED  STANDING  CROP  OF  FISH  SPECIES  GROUPS 

AS  DETERMINED  FROM  COVE  ROTENONE  SAMPLING  IN  SUMMER  FOR  CORPS  OF 
ENGINEERS  RESERVOIRS,  ARRANGED  ALPHABETICALLY  BY  DRAINAGE  AREAS 


APPENDIX  B 


In  the  following  tabulation,  the  standing  crop  estimates  are  all 
in  pounds  per  acre  and  represent  mean  values  if  data  for  two  or  more 
years  were  available.  Definitions  of  characteristics  listed  in  the 
column  headings  are: 

(a)  Reservoir  name  - official  name  of  the  impoundment;  "Lake" 
omitted  from  name  when  occurring  as  part  of  the  official 
name . 

(b)  Number  of  years  sampled  - number  of  years  that  data  were 
available . 

(c)  Mean  year  of  samples  - simple  mean  of  the  years  for  which 
data  were  available. 

(d)  Gars  and  bowfin  - estimated  standing  crop  of  all  species 
of  gars  ( Lepisosteus  spp.)  and  bowfin  ( Amia  aalva) . 

(e)  Clupeids  - estimated  standing  crop  of  Clupeidae  (gizzard 
shad  and  threadfin  shad  [Dorosoma  spp.]  and  herrings 
[Alosa  spp . ] ) . 

(f)  Carp  - estimated  standing  crop  of  the  carp,  Cyprinus 
carpio . 

(g)  Minnows  - estimated  standing  crop  of  all  species  of 
minnows  (Cyprinidae,  excluding  the  carp),  all  silversides 
(Ather inidae) , all  livebearers  (Poeciliidae) , and  all 
killifishes  (Cypr inodont idae) . 

(h)  Catostomids  - estimated  standing  crop  of  all  suckers, 
carpsuckers,  hog  suckers,  buf f alof ishes , and  redhorses 
(Catostomidae) . 

(i)  Catfishes  - estimated  standing  crop  of  all  bullheads, 
catfishes,  and  madtoms  (Ictalur idae) . 

(j)  Temperate  basses  - estimated  standing  crop  of  white 
perch,  white  bass,  yellow  bass,  and  striped  bass 
(Percichthyidae) . 

(k)  Sunfishes  - estimated  standing  crop  of  all  rock  bass, 
fliers,  redbreast  sunfish,  green  sunfish,  pumpkinseed, 
wanoouth,  orangespot ted  sunfish,  bluegill,  longear  sun- 
fish, and  spotted  sunfish  (Centrarchidae) . 

(l)  Black  basses  - estimated  standing  crop  of  all  smallmouth 
bass,  largemouth  bass,  redeye  bass,  and  spotted  bass 
(Centrarchidae) . 

(m)  Crappie  - estimated  standing  crop  of  all  black  crappie 
and  white  crappie  (Centrarchidae). 


(a)  Freshwater  drum  - estimated  standing  crop  of  the  fresh- 
water drum,  Aplodinotus  gmnniens . 

(o)  All  other  species  - estimated  standing  crop  of  all  trouts 
(Salmonidae) , pikes  (Esocidae) , and  perches  (Percidae) . 

(p)  Total  - estimated  standing  crop  for  all  fish  species 
groups  combined. 

t = <0.05  lb/acre 


Appendix  B (Concluded) 


Tuttle  Creek  3 1970  252.4  46.4  0.6  263.0  14.6  14.2  5.4  3.8  17.6  42.5  0.6  661. 
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Annual  Sport  F: 


Drainage  Area 

No. 

Reservoirs 
In  Sample 

Total 
Reservoir 
Area,  acres 

Simple  Avg. 
Sport  Fish 
Harvest 

Area-We ighted 
Sport  Fish 
Harvest 

Carp 

lb/acre 

Z TH* 

Central  and  South  Pacific 

A 

A, 950 

50.8 

27.5 

Central  Valley 

7 

26,160 

2A.0 

31.1 

Columbia  Basin 

8 

90,220 

12.2 

A. 8 

Great  Basin 

3 

7,555 

18.6 

26.8 

Colorado  Basin 

18 

33A.A56 

23.  A 

7.1 

Missouri  Basin 

26 

550, 2A0 

12.0 

5.1 

0.6 

11.8 

White  River  Basin 

6 

138,230 

35.8 

25.9 

0.2 

0.8 

Arkansas  River  Basin 

9 

59,222 

A 1 . 5 

51.0 

1 . A 

2.7 

Red  River  Basin 

8 

65,105 

AA.  7 

32.1 

Rio  Grande  and  Gulf 

10 

A6, 356 

31.8 

57.5 

1.5 

2.6 

Lower  Mississippi 

5 

77,500 

19.7 

8.8 

Upper  Mississippi 

A 

2A , 210 

16.0 

12.7 

5.5 

A3. 3 

Tennessee  Valley 

8 

296,210 

12.1 

10.3 

0.  A 

3.9 

Ohio  Basin 

18 

88,9A3 

15.  A 

12. A 

0.7 

5.6 

South  - Gulf 

9 

105, 110 

1A.A 

11.7 

0.2 

1.7 

South  - Atlantic 

9 

235, 7A7 

10.9 

7.6 

Middle  Atlantic 

9 

10,255 

18.6 

19.0 

2.0 

10.5 

New  England 

1 

2A.700 

2.5 

2.5 

Great  Lakes  and  St.  Lawrence 

2 

16,610 

7.6 

11.7 

0.8 

6.8 

Total 

16A 

2,201,779 

Average 

13.A25 

21.2 

12.1 

0.  A 

3.3 

* TH  = Total  Harvest 


Appendix  C:  Part  II 

Annual  Sport  Fish  Harvest  by  Drainage  Areas 


;1  C ed 

Area-Weighted  Harvest  By 

Species  Groups 

Carp 

Cat  f ishes 

Temp.  Basses 

Sunf ishes 

Black  Basses 

Crapp  ies 

Wal  1 

* 

lb/acre 

7.  TH* 

lb/acre 

% TH 

lb/acre 

% TH 

lb/acre 

% TH 

lb /acre 

X TH 

lb/acre 

% TH 

lb/acre 

5 

4.0 

14.5 

15.6 

56.7 

2.8 

10.2 

1.8 

6.5 

1 

0.  7 

2.2 

9.1 

29.3 

4.9 

15.8 

15.1 

48.6 

3 

0.7 

14.6 

0.3 

6.2 

0.2 

4.2 

,3 

0.3 

1.1 

1 

0.2 

2.8 

0.3 

4.2 

2.3 

32.4 

0.3 

4.2 

1 

0.6 

11.8 

0.4 

7.8 

0.4 

7.8 

0.2 

3.9 

0.7 

13.7 

1.2 

23.5 

0.3 

9 

0.2 

0.8 

2.9 

11.2 

4.4 

17.0 

1.2 

4.6 

9.4 

36.  3 

6.4 

24.7 

0.2 

iQ 

' 

1.4 

2.7 

7.9 

15.5 

8 

7.2 

2.6 

5.1 

5.6 

11.0 

18.1 

35.5 

3.8 

i 

0.4 

1.2 

0.2 

0.6 

9.8 

30.5 

7.4 

23.0 

11.3 

35.2 

0.  1 

5 

1.5 

2.6 

7.6 

13.2 

3.2 

5.6 

5.  5 

9.6 

21.9 

38. 1 

16.8 

29.2 

8 

1.0 

11.4 

0.7 

8.0 

1.0 

11.4 

5.9 

67.0 

,7 

5.5 

43.3 

3.6 

28.3 

0.8 

6.  3 

1.4 

11.0 

0.8 

6.3 

3 

0.4 

3.9 

1.8 

17.5 

1.5 

14.6 

0.6 

5.8 

1.7 

16.5 

3.2 

31.1 

0.1 

A 

0.7 

5.6 

1.0 

8.1 

0.6 

4.8 

2.9 

23.4 

3.1 

25.0 

3.5 

28.2 

0. 1 

7 

0.2 

1.7 

1.0 

8.5 

0.2 

1.7 

2.0 

17.1 

3.7 

31.6 

4.4 

37.6 

.6 

0.5 

6 . 6 

0.9 

11.8 

0.5 

6.6 

2.4 

31.6 

2.9 

38.2 

0. 1 

0 

2.0 

10.5 

1.9 

10.0 

0.3 

1.6 

6.2 

32.6 

6.2 

32.6 

1.4 

7.4 

5 

0.7 

28.0 

0.5 

20.0 

0.2 

8.0 

0.3 

12.0 

7 

0.8 

6.8 

3.4 

29.0 

0.2 

1.7 

1.0 

8.5 

6.5 

55.6 

1 

0.4 

3.3 

1.2 

9.9 

1.0 

8.3 

1.2 

9.9 

2.9 

24.0 

3.5 

28.9 

0.  3 

Areas 


Area-Weighted  Harvest  By 

Species  Groups 

ses 

Sunf ishes 

RlacK  Basses 

Crapp les 

Wa  1 1 eye 

Salmon  ids 

Other  S 

PP  • 

' TH 

lb/acre 

% TH 

lb/acre 

X TH 

lb/acre 

% TH 

lb/acre  X 

TH 

lb /acre 

X TH 

lb/acre 

% TH 

15.6 

56.7 

2.8 

10.2 

1.8 

6.5 

3.3 

12.0 

9. 1 

29.  3 

4.9 

15.8 

15.1 

48.6 

1.0 

3.2 

0.  3 

6.2 

0.2 

4.2 

3.  1 

64 . 6 

0.6 

12.5 

0.  3 

1.1 

26.5 

98.9 

0.3 

4.2 

2.3 

32.4 

0.3 

4.2 

3.9 

54.9 

7.8 

0.2 

3.9 

0.7 

13.7 

1.2 

23.5 

0.3 

5.9 

0.9 

17.6 

0.3 

5.9 

17.0 

1.2 

4.6 

9.4 

36.3 

6.4 

24.7 

0.2 

0.8 

1.0 

3.9 

0. 1 

0.4 

17.2 

1 

2.6 

5.1 

5.6 

11 .0 

18.1 

35.5 

3.8 

7.4 

0.8 

1.6 

0.8 

1.6 

f 0.6 

9.8 

30.  5 

7.4 

23.0 

11.3 

35.2 

0. 1 

0.  3 

2.9 

9.0 

5.6 

5.5 

9.6 

21.9 

38. 1 

16.8 

29.2 

0.8 

1.4 

0.7 

8.0 

1.0 

11.4 

5.9 

67.0 

0. 1 

1.1 

0.8 

6.3 

1.4 

11.0 

0.8 

6.3 

0.3 

2.4 

14.6 

0.6 

5.8 

1.7 

16.5 

3.2 

31.1 

0.4 

3.9 

0.8 

7.8 

4.8 

2.9 

23.4 

3.1 

25.0 

3.5 

28.2 

0. 1 

0.8 

0.  1 

0.8 

0.  5 

4.0 

1.7 

2.0 

17.1 

3.7 

31.6 

4.4 

37.6 

0.  1 

0.8 

11.8 

0.5 

6.6 

2.4 

31.6 

2.9 

38.2 

0.1 

1.3 

0.1 

1.3 

0. 1 

1.3 

1.6 

6.2 

32.6 

6.2 

32.6 

1.4 

7.4 

0.1 

0.5 

0.8 

4.2 

20.0 

0.2 

8.0 

0.3 

12.0 

0.5 

20.0 

0.4 

16.0 

0.2 

1.7 

1.0 

8.5 

6.5 

55.6 

8.3 

1.2 

9.9 

2.9 

24.0 

3.5 

28.9 

0.3 

2.5 

1.2 

9.9 

0.4 

3.3 

■ ■ 
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APPENDIX  D:  PREDICTED  STANDING  CROP  AND  SPORT  FISH  HARVEST 

IN  CORPS  OF  ENGINEERS  RESERVOIRS  GRF.ATER  THAN  500  ACRES 


APPENDIX  D 


Multiple  Regression  Formula  Description 

Formulas  are  based  on  the  U.  S.  customary  system  of  measures  and  all 
data  transformed  to  base  10  logarithms.  The  formulas  were  derived  from  ; 

data  on  U.  S.  reservoirs  greater  than  500  acres  in  area  at  normal  pool. 

Fish  standing  crop  formulas  estimate  uncorrerted  standing  crop.  All  j 

estimates  are  based  on  reservoir  age  at  the  mean  year  of  standing  crop  ! 

or  harvest  samples  and  do  not  necessarily  reflect  current  conditions. 

Definitions  of  various  types  of  reservoirs  represented  in  subsamples  and 
of  environmental  variables  are  as  follows: 

(a)  All  = total  sample,  representing  all  types  of  reservoirs. 

(b)  Chemical  type  1 - most  of  the  dissolved  solids  in  the 
reservoir  water  are  composed  of  calcium-magnesium, 
carbonate-bicarbonate  (see  Rainwater  (1962),  Hydrologic 
Invest.  Atlas  HA-61,  Plate  2). 

(c)  Chemical  type  2 - most  of  the  dissolved  solids  are  composed 
of  calcium-magnesium,  sulfate-chloride. 

(d)  Chemical  type  3 - most  of  the  dissolved  solids  are  composed 
of  sodium-potassium,  carbonate-bicarbonate. 

(e)  Chemical  type  4 - most  of  the  dissolved  solids  are  composed 
of  sodium-potassium,  sulfate-chloride. 

(f)  Hydropower  storage  - reservoirs  with  hydroelectric  power 
generation  operation  and  with  storage  ratio  greater  than 
0.165  (water  exchange  less  than  once  in  60  days). 

(g)  Hydropower  mainstream  - reservoirs  with  hydroelectric 
power  generation  operation  and  with  storage  ratio  less  than 
0.165  (water  exchange  greater  than  once  in  60  days). 

(h)  Nonhydropower  - reservoirs  in  sample  that  do  not  have 
hydroelectric  generation  function  (flood  control,  irriga- 
tion, water  supply,  recreation  reservoirs). 

(i)  "Selected"  reservoirs  (Formula  E)  - reservoirs  less  than 
70,000  acres,  with  total  dissolved  solids  less  than  600  ppm, 
and  growing  season  greater  than  140  days. 

(j)  R^  - coefficient  of  determination  (portion  of  total  varia- 
bility explained  by  formula);  N - the  number  of  reservoirs 
in  sample. 

(k)  Area  - surface  area  in  acres  at  average  annual  pool  level 
when  data  are  available;  otherwise,  use  power,  conservation, 
summer,  or  operating  pool  area. 

,4 


(l)  Mean  depth  - in  feet,  at  listed  area. 

(m)  Outlet  depth  - midline  depth,  in  feet,  of  outlet. 

(n)  Total  dissolved  solids  - residue  on  evaporation  at  180°C, 
in  ppm. 

(o)  Crowing  season  - average  number  of  days  between  first  and 
last  f rost . 

(p)  Age  of  reservoir  - in  years,  following  closure  of  dam. 

(q)  Standing  crop  - estimated  crop  of  fish  in  pounds  per  acre 
as  determined  by  recovery  of  fishes  from  coves  or  open 
water  areas  enclosed  by  blockoff  nets  following  application 
of  rotenone. 

(r)  Sport  fish  harvest  - estimated  harvest  of  fishes  by  sport 
fishermen,  in  pounds  per  acre  per  year. 

Reservoir  fish  Standing  Crop  Estimation  Formulas  (Part  I) 

Formula  2.  Estimation  of  total  standing  crop  - All  reservoir  types. 

log  (total  standing  crop  in  pounds  per  acre)  = 1.6720  H-  0.1776 
log  (outlet  depth)  + 0.6925  log  (dissolved  solids/mean  depth) 

- 0.2458  (log(dissolved  solids/mean  depth))2 

N = 173  R2  = 0.51 

Formula  5.  Estimation  of  total  standing  crop  in  hydropower  storage 
reservoirs . 

log  (total  standing  crop)  = - 0.6126  + 2.3658  log  (dissolved 
solids)  - 0.46  (log(dissolved  solids))2 

N - 44  R2  ■=  0.74 

Formula  7.  Estimation  of  total  standing  crop  in  hydropower  mainstream 
reservoirs . 

log  (total  standing  crop)  » 0.6150  + 2.2521  log  (dissolved 
solids)  - 0.3762  (log(dissolved  solids))2 

N - 52  R2  - 0.70 

Formula  9.  Estimation  of  total  standing  crop  in  nonhydropower  reservoirs 
of  chemical  types  1 and  3. 

log  (total  standing  crop)  * 1.2867  + 0.1275  log  age  + 0.1373 
log  (area)  + 0.7027  log  (dissolved  solid/mean  depth)  - 0.2459 
(log (d issolved  solids/mean  depth))2 

N - 47  R2  - 0.53 


Formula  10.  Estimation  of  total  standing  crop  in  nonhydropower 
reservoirs  of  chemical  types  2 and  4. 


log  (total  standing  crop)  = - 0.9914  + 2.3317  log  (dissolved 
solids)  - 0.417  ( log (d issolved  solids))2 

N = 30  R2  = 0.64 

Reservoir  Angler  Harvest  Estimation  Formulas  (Part  II) 

Formula  (D)  Estimation  of  total  annual  sport  fish  harvest  - All 
reservoir  types. 

log  (total  sport  fish  harvest)  = - 0.8104  - 0.2266  log  (area) 

+ 0.2090  log  (dissolved  solids)  + 1.1432  log  (growing  season) 

- 0.2713  log  (age) 

N = 103  R2  = 0.22 

Formula  (E)  Estimation  of  total  annual  sport  fish  harvest  - selected 

reservoir  types  (see  definition  (i),  page  D3)  . 

log  (total  sport  fish  harvest)  = - 0.3892  - 0.1519  log  (area) 

+ 0.2027  log  (dissolved  solids)  + 0.9796  log  (growing  season) 

- 0.3055  log  (age) 

N = 46  r2  = 0.69 

Formula  (H)  Estimation  of  annual  sport  fish  harvest  rate  in  terms  of 
pounds  harvested  per  angler-hour  of  effort  - All  reservoir  types. 

log  (pounds/angler-hour)  = - 0.7579  + 0.1187  log  (area) 

- 0.1036  log  (storage  ratio)  - 0.1285  log  (age) 

N = 103  R2  = 0.13 

Harvest  estimates  for  the  Arkansas-White-Red  Basins,  Rio  Grande  and 
Gulf  Drainage,  North  Pacific  Drainage,  and  Central  Valley  Drainage  were 
derived  from  Formula  E if  the  reservoirs  met  the  selection  criteria. 
Formula  E was  found  to  yield  more  accurate  estimates  of  harvest  for 
reservoirs  in  the  above  drainages  than  Formula  D.  Formula  D was  used 
to  estimate  harvest  in  reservoirs  in  all  other  drainages. 
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Appendix  I): 

Predicted  Sport  Fish  Harvest 


Arc  of 


reservoir 

Mean  of 

Formula  I)  or  E 

Formula 

H 

in  years 

at 

harvest 

Est imated 

Est imated 

the  mean 

year 

samples 

harvest  in 

harvest 

in 

of  harvest  Number  of 

in  pounds 

pounds  per 

pounds  per 

Reservoir 

samples 

years  sampled 

per  acre 

acre 

hour 

Middle  Atlantic 

Drainage  Area 

Whitney  Point 

3 

1 

28.6 

18 

0.49 

Gu 

If  and  South  Atlantic 

Drainage  Area 

Allatoona 

15 

2 

8.0 

9 

0.43 

Clark  Hill 

12 

4 

2.1 

7 

0.56 

Hartwell 

12 

1 

9.3 

6 

0.52 

Okat ibbee 

5 

4 

40.4 

17 

0.44 

Sidney  Lanier 

5 

2 

2.4 

9 

0.49 

Ohio  Basin  Drainag 

e Area 

Barren  River 

3 

4 

6.7 

17 

0.54 

Buckhorn 

3 

5 

20.5 

26 

0.47 

Center  Hill 

3 

3 

17.4 

15 

0.53 

Charles  Mill 

11 

3 

5.0 

17 

0.41 

Cheatham 

4 

1 

11.0 

16 

0.63 

Dale  Hollow 

21 

8 

8.9 

7 

0.39 

Dewey 

12 

12 

11.0 

15 

0.36 

Fishtrap 

12 

2 

4.4 

22 

0.38 

Nol  in 

4 

5 

7.5 

18 

0.  37 

Old  Hickory 

4 

1 

20.0 

13 

0.59 

Rough  River 

4 

4 

11.7 

18 

0.45 

Senecavi 1 le 

10 

3 

26.0 

13 

0.37 

Sutton 

2 

2 

28.8 

19 

0.  50 

Upper  Mississippi 

Drainage  Area 

Carlyle 

2 

2 

8.0 

16 

0.63 

Coralville 

6 

1 

13.3 

16 

0.52 

Lower  Mississippi 

Drainage  Area 

Enid 

i3 

12 

4.  5 

10 

0.43 

Grenada 

11 

12 

10.7 

9 

0.50 

Sardis 

25 

12 

6.0 

7 

0.45 

Wappapello 

10 

2 

6. 1 

11 

0 51 

Arkansas/Whl te/Red 

Drainage  Area 

Arkansas : 

Canton 

20 

3 

11.5 

17 

0.35 

Conchas 

21 

1 

77.3 

23 

0.38 

Fort  Gibson 

3 

1 

76.4 

40 

0.65 

Keystone 

8 

1 

24.6 

18 

0.  56 

Tenklller  Ferry 

5 

3 

30.5 

28 

0.46 

White: 

Beaver 

6 

12 

21.6 

21 

0.45 

Bull  Shoals 

11 

12 

27.7 

19 

0.48 

Clearwater 

10 

4 

35.2 

27 

0.45 

Norfork 

15 

1 

19.7 

20 

0.41 

Table  Rock 

7 

12 

26.8 

20 

0.48 

(Cont inued ) 

Appendix  D: 


Part  II  (Concluded) 


Age  of 
reservoir 

Mean  of 

Formula  D or  E 

Formula  H 

in  years 

at 

harvest 

Estimated 

Estimated 

the  mean 

year 

samples 

harvest  in 

harvest  in 

of  harvest  Number  of 

in  pounds 

pounds  per 

pounds  per 

Reservoir 

samples 

years  sampled  per  acre 

acre 

hour 

Red: 

Greeson 

22 

2 

8.6 

16 

0.34 

Rio  Grande 

and  Gulf  Drainage  Area 

Benbrook 

3 

1 

55.8 

61 

0.38 

San  Angelo 

3 

1 

7.9 

50 

0.  34 

Whitney 

2 

2 

137.6 

31 

0.56 

Missouri 

Basin 

Drainage  Area 

Fort  Peck 

12 

1 

0.1 

4 

0.50 

Francis  Case 

3 

3 

0.8 

9 

0.69 

Kanopol is 

10 

6 

30.5 

19 

0.40 

Pomne  de  Terre 

7 

6 

18.3 

14 

0.41 

Sharpe 

10 

1 

2.9 

7 

0.59 

Stockton 

1 

1 

25.0 

18 

0.57 

North  Pacific 

Drainage  Area 

Cottage  Grove 

25 

1 

20.1 

17 

0.34 

Central 

Valley  Drainage  Area 

Isabe 1 la 

10 

2 

125.4 

22 

0.41 

Pine  Flat 

11 

1 

21.8 

22 

0.41 

APPENDIX 


: VOLUMETRIC  FOOD  HABITS  DATA  FOR 

RESERVOIR  FISH  SPECIES 


APPENDIX  K 


All  values  in  the  following  tabulation  are  expressed  as  a percentage 
of  total  volume  of  food  contents  in  the  stomach.  The  parenthetical 
entries  under  the  detritus  food  column  are:  0 = organic  detritus, 

1  = inorganic  detritus,  and  1)  = unspecified  detritus.  Superscript 
references  indicate  the  following: 

1 Includes  photoplankton. 

2 Frogs  = 10%  of  the  diet. 

3 Tadpoles  = 7.3%  of  the  diet. 

4 Tadpoles  = 13.3%  of  the  diet. 

5 Tadpoles  = 37.4%  of  the  diet. 

6 Includes  detritus. 

7 All  phytoplankton. 

8 Includes  terrestrial  insects. 

9 Frogs  and  salamanders  = 1.0%  of  the  diet. 

10  Frogs  and  salamanders  = 3.0%  of  the  diet. 

11  Frogs  = 1.4%  of  the  diet. 

12  Frogs  = 9.1%  of  the  diet. 
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Young  Jul-Jun  c 100  t Mathur  and  Robbins  (1971) 
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Vermilion,  MN  6L  m Summer  1.2  98.8  c Doble  (1959) 
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Sauger  ? ? ? 100  Forbes  and  Richardson 

(1920) 
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APPENDIX  G:  FISH  CARRYING  CAPACITY  ARRANGED  BY  SPECIES  AND 

MAJOR  RESERVOIR  GROUPS 


Appendix  C 

Fish  1 arrying  1 apai  ity  Arranged  by  Spe<  i « •-  .ind  Major  Reservoir  Croups 


Carrying  Capacity  Biomass 
Supported  by  Kach  Food 

in  Pounds  per 
Compartment 

Ac  re 

Spet  U s v r Spei  U's  i ■ l oup 

( apac  i ly 

Detritus 

Benthos  Zooplankton  Fish 

Ter rest  rial 

Gulf 

and  South 

At  1 ant  i < !>r  a In  age  Ar  ea 

Gars 

0.6 

0.6 

Hi’wl  in 

0.5 

0.5 

Gizzard  shad 

25.5 

24.2 

1.3 

Threadf in  shad 

6.4 

4.5 

1.9 

Pickerels 

0.8 

0.8 

Carp 

18.1 

10.9 

5.4  1.8 

Minnows 

0.7 

0.1  0.6 

Carpsuckers 

Sue  kers 

5.2 

4.2 

0.3  0.8 

Hog  suckers 

Bui f a lof i shes 

Kedhor ses 

5.2 

5.2 

Bui  1 heads 

2.5 

0.  7 

1.4 

0.5 

Cat  f ishes 

6.8 

1.2 

5.5 

Mad  t oms 

Si  lvers ides 

Temperate  basses 

0.8 

0.8 

Sunf ish 

18.8 

0.9 

12.8 

1.7 

3.4 

Black  basses 

10.0 

0.8 

8.6 

0.6 

Crappies 

8.2 

0.3 

1.7  1.5 

4.8 

0.6 

Perches 

1.4 

0.3  0.3 

0.9 

Freshwater  drum 

All  other  species 

1.2 

1.2 

Total 

112.8 

45.7 

33.6  4.9 

24.7 

4.0 

Buc  khorn. 

F 1 annagan . 

Sutton,  and 

Suunersvl 1 le  Reservoirs  Drainage  Area 

Gars 

Bovf in 

Gizzard  shad 

Thread! in  shad 

0.8 

0.5 

0.2 

Pickerels 

Carp 

1.4 

0.9 

0.4  0.1 

Minnows 

1.2 

0.2  1.0 

Carpsuckers 

0.2 

0.2 

0.01  0.03 

Suckers 

0.2 

0.2 

0.01  0.03 

Hog  suckers 

1.1 

0.9 

0.1  0.2 

But  f alof ishes 

Kedhor ses 

17.8 

17.8 

Bui  1 heads 

0.8 

0.2 

0.5 

0.2 

Cat  f 1 shes 

3.2 

0.6 

2.7 

Mad  t oas 

Si  lvers ides 

Temperate  basses 

0.1 

0.1 

Sunf ish 

17.6 

0.9 

12.0 

1.6 

1.2 

(Continued) 
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Appendix  G (Continued) 


Carrying  Capacity  Biomass  in  Pounds  per  Acre 

Carrying  Supported  by  Each  Food  Compartment 

Spt<  Lei  ot  Spe< lea  Croup  Capac lty  Detritus  Benthos  Zooplankton  Fish  Terrestrial 

Buckhoinj  Fl.mmigan,  Sutt«>nA  and  Summer  sv  ill  e Reservoirs  Drainage  Area  ^Continued) 


Black  basses 

11.5 

0.9 

9.9 

0.7 

Grapples 

3.1 

0. 1 

0.6 

0.6 

1.8 

Perches 

0.6 

0.  1 

0.1 

0.3 

Freshwater  drum 

1.4 

0.  1 

0.8 

0.5 

All  other  species 

0. 1 

0.  1 

Total 

61.0 

3.9 

34.3 

2.0 

17.0 

3.9 

Green  and  Cumberland  Rivers 

and  Dewey  Reservoir  Drainage 

Area 

Gars 

0. 1 

0.  1 

Bovf In 

Gizzard  shad 

60.6 

57.6 

3.0 

Thread! in  shad 

5.6 

3.9 

1.7 

Pickerels 

Carp 

32.4 

19.4 

9.  7 

3.2 

Minnows 

0.5 

0. 1 

0.4 

Carpsui  kers 

0.4 

0.3 

0.02 

0.1 

Suckers 

4. 1 

3.3 

0.2 

0.6 

Hog  suckers 

Buf 1 alof l she s 

16.7 

7.5 

0.8 

8.3 

Kedhorses 

15.8 

15.8 

Bui  1 heads 

2.0 

0.5 

1.1 

0.4 

Cat  f ishes 

6.2 

1.1 

5.1 

Madtoms 

Si] versldes 

Temperate  basses 

1.3 

1.3 

Sv.  fish 

15.8 

0.8 

10.  7 

1.4 

2.8 

Black  basses 

11.5 

0.9 

9.9 

0.7 

Grapples 

8.2 

0.3 

1.7 

1.5 

4.8 

Perches 

1.5 

0.3 

0.3 

0.9 

Freshwater  drum 

10.8 

0.9 

6.3 

3.7 

All  other  species 

0.  3 

0.  3 

Total 

193.9 

94.6 

53.8 

14.4 

27.6 

3.5 

Lower 

Mississippi  Valley  Drainage 

Area 

Gars 

4.9 

4.9 

Bowf In 

0.4 

0.4 

Gizzard  shad 

62.5 

59.4 

3.1 

Threadfln  shad 

Pickerels 

Carp 

9.2 

5.5 

2.8 

0.9 

Minnows 

4.3 

0.9 

3.4 

Carpsuckers 

0.4 

0.3 

0.02 

0.1 

Suckers 

3.5 

2.8 

0.2 

0.5 

Hog  suckers 

Buf  f alof ishes 

70.9 

31.9 

3.6 

35.5 

kedhorses 

U.  4 

0.4 

((.unlimited) 
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Appendix  C.  (Continued) 


Carrying  Capacity  Biomass  in  Pounds  per  Acre 


Spec les  or  Species 

Group  Capacity 

Det  r i lus 

Benthos  Zooplankton 

Fish 

Terrestrial 

Lover  Mississippi  Valley  Drainage  Area 

(Cont inued ) 

Bui 1 heads 

0.4 

0.  1 

0.2 

0.1 

Cat  t ishes 

24.9 

4.5 

20.4 

Mad  toms 

0.2 

0.  1 

0.  1 

0.04 

S 1 1 vers  Ides 

Temperate  basses 

1.0 

1.0 

Sunf Ish 

10.4 

0.  5 

7.  1 

0.9 

1.9 

Black  basses 

15.5 

1.2 

13.3 

0.9 

Crappies 

17.8 

0.  7 

3.6 

3.2 

10.3 

Perches 

Freshwater  drum 

26. 1 

2.1 

15.1 

8.9 

All  other  species 

0.  1 

0.  1 

Total 

253.1 

103.4 

42.9 

43.6 

60.4 

2.8 

Blue  Mountain, 

Nimrod,  and 

Wister  Reservoirs  Drainage 

Area 

Gars 

17.3 

17.3 

Bovf in 

Gizzard  shad 

49.  7 

47.2 

2.5 

Threadf in  shad 

Pickerels 

Carp 

39.2 

23.5 

11.7 

3.9 

Minnows 

1.1 

0.2 

0.9 

Car  psucker s 

Suckers 

7.8 

6.  3 

0.4 

1.2 

Hog  suckers 

Buf  f a lof ishes 

264.2 

118.9 

13.2 

132.1 

fvedhorses 

Bui  1 heads 

0.3 

0.1 

0.2 

0. 1 

Cat  f ishes 

12.1 

2.2 

9.9 

Mad  t oms 

Silvers  ides 

Temperate  basses 

6.0 

6.0 

Sun! ish 

10.3 

0.5 

7.0 

0.9 

1.9 

Black  basses 

16.6 

1.3 

14.3 

1.0 

Crappies 

26.3 

1.1 

5.3 

4.  7 

15.3 

Perches 

Freshwater  drum 

55.4 

4.4 

32.1 

18.8 

All  other  species 

Total 

506.3 

201.9 

76.1 

142.8 

82.6 

2.9 

Arkansas  River 

Basin  Drainage  Area* 

Gars 

1.7 

1.7 

Bovf  in 

Gizzard  shad 

125.8 

119.5 

6.3 

Threadf in  shad 

1.3 

0.9 

0.4 

Pickerels 

Carp 

58.0 

34.8 

17.4 

5.8 

(Cent inued) 

* Blue  Mountain,  Nimrod,  Wister,  and 

Great  Salt 

Plains  excluded. 
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Appendix  G (Continued) 


Carrying 

Carrying  Capacity 
Supported  bv 

Biomass  in  Pounds  per 
Each  Food  Compartment 
Zooplankton  Fish 

Acre 

Species  or  Species  Group 

Capac ity 

Detr it us 

Benthos 

Terrest  rial 

Arkansas 

River  Basin 

Dra  i nage  Area 

(Conti nued J 

Minnows 

0.4 

0.1 

0.3 

Carpsuckers 

36.4 

29.  1 

1.8 

5.5* 

Suckers 

Hog  suckers 

Buf  f a lot  i shes 

86. 1 

38.8 

4.3 

43. 1 

Red horses 

4.6 

4.6 

Bui lheads 

3.7 

1.0 

2.1 

0.7 

Cat  f ishes 

21.8 

3.9 

17.9 

Mad toms 

SI  lversldes 

Temperate  basses 

8.3 

8.3 

Sunf lsh 

17.1 

0.9 

11.6 

1.5 

3.1 

Black  basses 

13.5 

1.1 

11.6 

0.8 

Cr apples 

19.0 

0.8 

3.8 

3.4  11.0 

Perches 

Freshwater  drum 

49.  2 

3.9 

28.6 

16.7 

All  other  species 

Total 

446.9 

229.6 

85.9 

58.0  69.5 

3.9 

Red  Rivet 

Basin  Drainage 

Area 

Gars 

1.3 

1.3 

Buvf in 

0.6 

0.6 

Gizzard  shad 

66.8 

63.4 

3.3 

Thread! in  shad 

6.8 

4.7 

2.0 

Pickerels 

0.6 

0.6 

Carp 

8.2 

4.9 

2.5 

0.8 

Minnows 

1.2 

0.2 

1.0 

Carpsuckers 

Suckers 

5.6 

4.5 

0.3 

0.8 

Hog  suckers 

Buf  f alof ishes 

Red horses 

22.8 

22.8 

Bui  lheads 

0.6 

0.2 

0.4 

0.  1 

Cat  f ishes 

10.0 

1.8 

8.2 

Madt  oms 

Si lversldes 

0.1 

0.03 

0.1 

Temperate  basses 

3.0 

3.0 

Sunf lsh 

35.8 

1.8 

24.3 

3.2 

6.4 

Black  basses 

17.5 

1.4 

15.1 

1.1 

Grapples 

7.2 

0.3 

1.4 

1.3  4.2 

Perches 

0.5 

0.1 

0.1  0.3 

Freshwater  drum 

8.0 

0.6 

4.7 

2.7 

All  other  species 

0.1 

0.1 

Total 

196.7 

80.4 

65.3 

4.1  39.3 

7.5 

(Cont inued ) 
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Appendix  C.  (Concluded) 


Carrying  Capacity  Biomass  in  Pounds  per  Acre 
Carrying  Supported  t>y  Kac  h ! >!  compartment 


Species  or  Species  Group 

( apac lty 

Del r i tus 

Benthos 

Zoop  1 aukt  *»n 

Fish 

Terrest  rial 

White  Kiver 

Basin  Drainage  Area 

Gars 

0.1 

0.1 

Bowf in 

Gizzard  shad 

66.9 

63.6 

3.3 

Thread! in  shad 

7.0 

4.9 

2.1 

Pickerels 

Carp 

10.8 

6.5 

3.2 

1.1 

Minnows 

0.7 

0.1 

0.6 

Carpsuckers 

2.8 

2.3 

0. 1 

0.4 

Suckers 

2.4 

1.9 

0.1 

0.4 

Hog  suckers 

Bui f alof ishes 

27.8 

12.5 

1.4 

13.9 

Kedhorses 

34.9 

34.9 

Bui  1 heads 

0.8 

0.2 

0.5 

0.2 

Cat  f ishes 

9.  7 

1.7 

7.9 

Mad toms 

0.2 

0.1 

0. 1 

0.04 

Si  1 ver sides 

0.4 

0.1 

0.3 

Temperate  basses 

3.5 

3.5 

Sunf ish 

19.5 

1.0 

13.2 

1.8 

3.5 

Black  basses 

14.1 

1.1 

12.1 

0.8 

Crappies 

5.6 

0.2 

1.1 

1.0 

3.2 

Perches 

1.5 

0.3 

0.3 

0.9 

Freshwater  drum 

2.6 

0.2 

1.5 

0.9 

All  other  species 

0.3 

0.3 

Total 

211.4 

93.3 

65.3 

17.9 

30.6 

4.3 

APPENDIX  H:  ANNUAL  FISH  HARVEST 


total  harvest 


Annual  Commercial  Fish  Harvest 
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APPENDIX  I:  MAXIMUM  SPECIFIC  DAILY  GROWTH  RATES  I 

FOR  RESERVOIR  FISH  SPECIES 


N WEIGHT 


A 


Appendix  I 

Haxlaua  Specif  i<  Dally  Growth  Rates  In  Weight  f"t  Reserv<  ir  Fish  Species 


Age  Class 

Spec ies 

I 

I I 

1 1 I 

IV 

V 

Golden  redhorse 

0.00662 

0.00274 

0.00138 

0.00130 

Small mouth  buffalo 

0.002  SO 

0.00256 

0.001 39 

0.00313 

Bigmouth  buffalo 

0.00398 

0.00289 

0.0006b 5 

0.00144 

Black  buffalo 

0.00190 

0.00124 

0.00171 

Carp 

0.00560 

0.00509 

0.00245 

0.00195 

River  carpsucker 

0.00723 

0.00377 

0.00317 

0.00270 

Golden  shiner 

0.00344 

0.0d0855 

0.00103 

0.000594 

White  sucker 

0.00520 

0.00255 

0.001 70 

0.00212 

Longnose  sucker 

0.00371 

0.00207 

0.00160 

0.00156 

F r e s hwa ter  drum 

0.00703 

0.00342 

0.00240 

0.00181 

Longnose  gar 

0.00177 

0.000797 

0.000652 

0.000299 

Padd lef ish 

0.00658 

Mount  i in  whitef ish 

0.00282 

0.00159 

Round  whitef ish 

0.00183 

0.000856 

Brook  trout 

0.0213 

0.0216* 

0.00270 

0.000707 

Lake  trout 

0.00190 

0.00207 

0.00173 

0.00190 

Brown  trout 

0.00727 

0.00267 

0.00283 

0.00169 

Rainbow  trout 

0.00683 

0.00302 

0.00171 

0.000823 

Cutthroat  trout 

0.00516 

0.00234 

0.00114 

0.000734 

Kokanee 

0.00282 

0.000593 

0.000515 

Lurgemouth  bass 

0.0291 

0.00728 

0.00344 

0.00395 

0.00283 

Snuillmouth  bass 

0.0183* 

0.0121* 

0.00451 

0.00180 

0.00251 

Spotted  bass 

0.00287 

0.00317 

0.00166 

0.000988 

Green  f-  nf  ish 

0.00847 

0.00679 

0.00198 

0.00145 

Punpklnaeed 

0.00349 

0.00315 

0.00163 

0.00131 

0.000716 

Bluegi 1 ] 

0.00631 

0.00681 

0.00527 

0.00333 

0.00232 

Redear  sunf ish 

0.00533 

0.00360 

0.00294 

0.00199 

Spotted  sunf ish 

0.00713 

War mouth 

0.00742 

0.00414 

0.00246 

0.00169 

Rock  bass 

0.00644 

0.00537 

0.00210 

0.00156 

0.00130 

White  crappie 

0.00226 

0.00263 

0.00237 

0.00206 

B 1 -ii  k crappie 

0.00669 

0.00408 

0.00180 

0.00145 

White  bass 

0.00812 

0.00380 

0.000967 

0.00245 

Yellow  perch 

0.00494 

0.000821 

0.00133 

0.00109 

Wa 1 leye 

0.00351 

0.00190 

0.00135 

0.000902 

Sanger 

0.000715 

0.00293 

0.000945 

0.000522 

Chain  pickerel 

0.00303 

0.00190 

0.00262 

0.00114 

Northern  pike 

0.00684 

0.00301 

0.00411 

0.00174 

Channel  catfish 

0.0213 

0.00853 

0.00489 

0.00184 

0.00434 

Flathead  catfish 

0.00913 

0.00478 

0.00291 

0.00275 

* Laboratory  studies  over  limited  time 
represent  the  maximum  values  reported 

periods.  All  other  data  are 
in  the  literature. 

from  field 

studies  and 

Appendix 

r (Concluded) 

Age  rl.iss 

>j'f  . ies 

i 

II 

I I 1 

TV 

V 

Blue  cat  f ish 

0.00558 

0.00)77 

0.00262 

0.00140 

0.00179 

Yellow  bullhead 

0.00703 

0.00091 3 

0.000614 

0.000509 

Brown  bullhead 

0.000857 

Black  bullhead 

0.00522 

0.00685 

0.00150 

0.00304 

Silver  redhorse 

0.0049b 

0.00260 

0.0018H 

0.00123 

Ni  r them  redhorse 

0.00560 

0.0022  ) 

0.00440 

0.000493 

APPENDIX  J:  DIGESTIVE  EFFICIENCIES  AND  FOOD  CONSUMPTION  OF  FISH 


A 


Cont  lnued ) 


Appendix  J (Continued) 


Stickleback  Laboratory  Adult  1. 8-5.1,  Krokhln  (1959) 


Appendix  J (Continued) 
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APPENDIX  K:  ANNUAL,  DAILY,  AND  INSTANTANEOUS  NATURAL 

MORTALITY  RATES  FOR  VARIOUS  FISH  SPECIES 


Appendix  K (Concluded) 
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APPENDIX  L:  METABOLIC  KATES  OF  FISK 


Regression  Equations  Relating  Active  Metabolism  at  Various 


metabolic  rate  (mgO„/hr) 


Regression  Equations  Relating  Standard  Metabolism  at 
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Appendix  L:  Part  IV 


For  additional  data  see  Winberg  (1956). 
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APPENDIX  M:  FISH  TEMPERATURE  TOLERANCES 


* 


All  teapcratures  in 


Yellow  perch  Juvenile  24  20.0  23.3  McCauley  and  Read  (1973) 

Adult  24  17.6  20.1 


Continued 


Golden  topnunnov  Adult  35  38.5  Stravm  and  Dunn  (1967) 

Bayou  klllifish  35  38.5  Strawn  and  Dunn  (1967) 


Appendix  M:  Part  II 


Species 

Gizzard  shad 
Threadf in  shad 
Northern  pike 

Grass  pickerel 
Chain  pickerel 

Muskel lunge 

Carp 

Goldf ish 

Golden  shiner 
hmerald  shiner 

Common  shiner 
Spottail  shiner 
Blunt  nose  minnow 
Flathead  minnow 
Creek  fhub 
Duskystripe  shiner 
Longnose  sucker 
White  sucker 
Largescale  sucker 
Flnescale  sucker 
Brown  bullhead 

Black  bullhead 
Channel  catfish 

Banded  kill  if ish 
Golden  topminnow 
Mosquitof ish 
Striped  bass 
Rock  bass 

* All  temperatures 


Summary  of  Temper ature  Tolerances  and 
Preferences  tor  Reservoir  Fish* 


Best  Temperature  Range 

T, 

for  Growth 

T4 

Lower  Lethal  ^ Optimum  ^ Upper  Lethal 

Temperature  2 or  Preferred  3 Temperature 

10.8  0 25  16-18?  36.5  0 35 


<1.1  in  field 

3.2  0 17.7 

26  (larvae) 

33.3  9 30 

for  larvae 

25.5 

for  juveniles 

26.0 

>36.7  in 
field 

24.0 

33.3  P 30 
for  juveniles 

0.7 

32.0 

35.7  @ 26 

0 0 10 

28.1 

40.5  0 35 
(ult imate) 

1.5  (3  15 

34.7  0 30 

1.6  0 15 

27 

30.7  0 25 
(ult imate ) 

0 9 15 

32  0 25-26 
^35  in  field 

1.0  9 15 

33.3  0 25 

1.5  9 20 

33.2  0 30 

0.7  9 20 

32.6  0 25-26 
32.0  0 21.5 
27  0 11.5 

2.5  9 20 

27 

31.2  0 25-26 
29.4  0 19 
26.9  0 14 

-1.0  9 20 

37.5  0 36 
(ult imate) 

35  0 23 

0 at  15 

30 

38.0  0 35  for 
year  1 ings 

^38.3  in  field 

38.5  0 35 

1.5  9 15 

37.3  0 20-35 

32.2 

35  0 30 

in  C. 


Appendix  M:  Part  II  (Concluded) 


T1 

Lower  Lethal 
Temperature 

Best 

Temperature  Range 
for  Growth 

T4 

Species 

T 

2 

Optimum 
or  Preferred 

Upper  Lethal 
Temperature 

Longear  sunfish 

<7  in  field 

37.5  @ 35  for 
juveniles 

Green  sunfish 

>34  in  field 

Redear  sunfish 

<6.5  in  field 

Bluegill 

2.5  <3  15 

27.7 

37.3  @ 32.9 
for  juveniles 

Smallmouth  bass 

1.6  0 15 

27 

28 

35 

Largemouth  bass 

5.2  0 20 

25 

27 

30 

37.5  (average) 

Pumpkinseed 

31.5 

24.5  0 25 

Black  crappie 

22 

25 

32.5  0 29 

Yellow  perch 

1.1  <?  10 

24.2 

30.9  0 25 

Rainbow  trout 

0 

13.3 

28 

Brown  trout 

12 

15.5 

18 

25.3  0 20+ 
(ultimate) 

Kokanee 

0 <3  5 

14.5 

24.8  0 20 
for  fry 

Coho 

0.2  <3  5 

25.0  0 20 
for  fry 

Lake  trout 

8 

12.0 

12.0 

23.5  0 15 
and  20 

Brook  trout 

0.5  0 25 

10.8 

12.8 

14.8 

26.6 

Prickley  sculpin 

24.1  0 18 
and  1 9 

Northern  squawfish 

29.3  0 19-22 
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